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ABSTRACT 
British breed beef steers (n = 48; 370 kg) were assigned to pasture or feedlot diets 
and one of two doses of 25-hydroxyvitamin D3 (VITD; 0 or 500 mg) to evaluate the 
effects of VITD on performance, carcass traits, and meat quality.  All steers were 
implanted with a combination trenbolone acetate/estradiol implant prior to diet initiation.  
Pasture-finished cattle received 6.8 kg/hd per day of pelleted distillers’ grains, wheat 
midds, and soy hulls while continuously grazing predominantly bromegrass pasture.  The 
feedlot diet contained 10% wet distillers’ grains in addition to corn, corn silage, and 
chopped hay.  Steers from both diets also received monensin. Steers were harvested after 
112, 133, or 154 d on feed (DOF) to minimize 12th rib fat differences.  Twelve steers 
from each dietary treatment received 25-hydroxyvitamin D3 boluses orally 7 d prior to 
assigned harvest date.  Longissimus, semimembranosus, and gracilis muscles were 
collected, cut into steaks, aged 3, 7, or 14 d, and evaluated for instrumental color and 
Warner-Bratzler shear force (WBSF).  Calpastatin activity, vitamin and mineral content, 
and sensory traits were analyzed on steaks aged 3 d postmortem.  At harvest, feedlot 
steers were heavier (P = 0.0370; 584 kg; 132 DOF) than pasture-fed steers (563 kg; 130 
DOF) and had greater ADG (P < 0.0001; 1.74 vs. 1.51 kg/d).  Pasture-fed steers had less 
12th rib fat (P < 0.0001; 6.1 vs 8.7 mm) and kidney, pelvic, and heart fat (P = 0.0108; 
1.64 vs. 1.83%); however, neither diet nor VITD significantly affected final yield grade 
(P = 0.1014).  In addition, pasture-finished steers had lower (P = 0.0141) marbling scores 
than did feedlot steers (Slight45 vs. Slight90).  Lipid percentage differed by muscle (P < 
0.0001) as the gracilis had the least lipid followed by semimembranosus and longissimus 
(1.54, 1.94, and 2.54% of wet tissue, respectively). Pasture-fed steers had greater 
xiii 
 
longissimus C18:2 cis-9, trans-11 (CLA) and C18:3n3 concentrations (P < 0.0001) than 
did feedlot steers (0.95 and 0.63 vs. 0.19 and 0.26 mg/100 mg lipid, respectively). 
Feedlot steers had greater a* values compared with pasture-fed steers (22.67 vs. 22.24; P 
= 0.0318), indicating increased redness.  The a* values differed by muscle (P < 0.0001) 
as the gracilis had the greatest a* values followed by the semimembranosus and 
longissimus (23.22, 22.25, and 21.90, respectively).  L* values increased with increased 
aging time.  Sensory analysis showed that the gracilis muscle from steers supplemented 
with 25-hydroxyvitamin D3 was more tender than that from the unsupplemented control 
steers.  Calpastatin activity on d 3 postmortem differed by muscle (P < 0.0001) with the 
gracilis having the greatest activity followed by the longissimus and semimembranosus 
(2.65, 2.08, and 1.82 units of activity/g tissue, respectively), but was not affected by 
VITD or diet. WBSF decreased with increased aging times for the longissimus and 
gracilis, whereas the semimembranosus was most tender on d 7.  Neither VITD nor diet 
affected WBSF.  Whereas VITD supplementation increased plasma calcium in treated 
steers at harvest, muscle calcium concentrations were not increased, and thus increased 
calpain activation was not achieved.  Nonetheless, data indicate it is possible to finish 
steers on pasture by supplementing with distillers’ co-products without substantially 
increasing time needed to reach market weights when compared with feedlot finishing or 
negatively impacting sensory traits.   
KEYWORDS: Beef, distillers’ grains, pasture-finished, tenderness 
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CHAPTER I 
GENERAL INTRODUCTION 
 
Dissertation Organization 
 
 This dissertation is being submitted to partially fulfill the requirements for the 
Doctor of Philosophy degree in Animal Nutrition.  It consists of a general review of 
literature followed by four manuscripts for submission to the Journal of Animal Science.  
The literature review provides background information for the following manuscripts.  
Each manuscript is complete on its own and consists of an introduction, materials and 
methods, results and discussion section, and the literature cited.  The manuscripts are 
followed by a general conclusions section that includes a brief discussion of results, 
conclusions, and suggestions for future research. 
 The general hypothesis of this research is that supplementation of beef steers with 
a dose of 25-hydroxyvitamin D3 prior to harvest will result in more tender beef than from 
conventional feeding strategies.  In addition, grass-finished cattle have been reported to 
be less tender than grain-finished cattle, but have greater concentrations of fatty acids that 
have positive impacts on human health (such as conjugated linoleic acid and omega-3 
fatty acids).  If supplementation with 25-hydroxyvitamin D3 prior to harvest can improve 
tenderness of beef from pasture-finished steers, then we have essentially created a more 
healthy, tender beef.  One main study was conducted to examine this hypothesis.  The 
aim of the study was to provide evidence that supplementation prior to harvest could 
improve beef tenderness.  However, results from the study did not show an improvement 
in beef tenderness attributable to supplementation.  The first manuscript details the 
factors measured to evaluate beef tenderness.  Color and sensory attributes compose the 
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second manuscript.  The third manuscript discusses the fatty acid composition of pasture- 
and feedlot-finished beef steers as fatty acid profiles revealed substantial differences in 
fatty acid composition between steers from the different dietary treatments.  The final 
manuscript discusses the evaluation of muscle calcium and the range of values that are 
reported in previous research. 
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CHAPTER II 
REVIEW OF LITERATURE 
Introduction 
 Tenderness of beef is a critical palatability trait to consumers.  Positive eating 
experiences can lead consumers to purchase the product again at a later time, whereas 
negative eating experiences lead to a decreased desire to purchase that product.  
Improving tenderness could increase purchases of beef because of a prior desirable eating 
experience.  Research has indicated that tenderness in the beef cattle population is highly 
variable and that the current USDA grading system could be revised to improve predicted 
palatability of cuts and carcasses, particularly of the Choice and Select grades (Wulf and 
Page, 2000).   
 Research has indicated cattle that are finished on grass yield beef with a higher 
proportion of conjugated linoleic acid (CLA) than cattle finished on a corn-based ration 
(Lorenzen et al., 2007; Nuernberg et al., 2005; Poulson et al., 2004; French et al., 2000).  
CLA and omega-3 fatty acids have purported health benefits for humans including anti-
atherogenicity, anti-diabetes, and anti-obesity (Bhattacharya et al., 2006; Ruxton, et al., 
2007).  Consumers are becoming more health conscious, especially when it comes to 
dietary fat.  Even though it would not be feasible to finish all cattle in the United States 
on grass, it would likely be profitable for at least some cattle producers to find 
economical methods to finish a portion of the fed cattle population on grass or a forage-
based ration.  Grass-finished cattle, however, tend to produce tougher beef with a 
different flavor than conventionally-finished cattle (Bowling et al., 1977; Schaake et al., 
1993).  Therefore, it is necessary for the beef industry to investigate methods to improve 
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tenderness of beef from both the general fed cattle population as well as grass-finished 
cattle in the United States. 
Beef tenderness 
Consumer perceptions 
 The experience a consumer has when eating beef can determine whether or not 
that individual will be likely to purchase that particular cut of meat again.  One major 
determinant in consumer satisfaction of beef is tenderness.  Miller et al. (2001) reported 
that tenderness is the primary trait 51% of consumers want most from a beef steak.  
Satisfactory tenderness has been the trait most highly correlated with overall acceptability 
(Killinger et al., 2004; Roeber et al., 2005; Shackelford et al., 2001).  Research has 
indicated that the average consumer is able to detect differences in tenderness of beef 
(Boleman et al., 1997; Huffman et al., 1996; Miller et al., 2001; Wheeler et al., 2004; 
Lusk et al., 2001).  Furthermore, many consumers would be willing to pay a premium 
price for beef guaranteed to be tender (Boleman et al., 1997; Miller et al., 2001; Lusk et 
al., 2001).  Additionally, information about tenderness may impact consumers’ 
willingness to pay for a guaranteed tender product and reveal consumer preferences 
(Lusk et al., 2001).  Therefore, it is imperative that the beef industry improve the 
tenderness of beef, increase consumer satisfaction, and increase beef’s share of the 
protein/meat market. 
Boleman et al. (1997) gave a group of consumers longissimus muscle (LM) steaks 
of three tenderness categories (tender, intermediate, or tough), unidentified to the 
consumers, for preparation in the home and found that these consumers were most 
satisfied with the tenderness of the tender steaks and least satisfied with the tenderness of 
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the tough steaks, which was to be expected.  When given the opportunity to purchase the 
steaks tested in the home without knowing any other information about the steaks, these 
consumers purchased more steaks from the tender category than either the intermediate or 
tough category (Boleman et al., 1997).  When the consumers were informed of the 
tenderness advantage of steaks in the tender group, 94.6% of the consumers purchased 
steaks from that group.  Lusk et al. (2001) conducted a consumer taste test of two beef 
LM steak samples of different tenderness and reported that consumers could differentiate 
tender from tough.  Miller et al. (2001) found that when consumers sampled LM steaks of 
known tenderness, beef tenderness scores improved as Warner-Bratzler shear force 
(WBSF) values decreased and also that consumers were able to differentiate tenderness 
similar to the WBSF evaluation.  Miller et al. (2001) concluded that 98% of consumers 
would be satisfied with a steak that had a WBSF value of 4.1 kg or less.  While 
improvements have been made in tenderness of the ‘middle meats’ as well as several 
muscles of the chuck and round, improvements in tenderness of the bottom round and 
further improvements in overall tenderness are still needed (NCBA, 2000; Brooks et al., 
2000).    
Marbling or intramuscular fat (IMF) may improve flavor of beef when steaks of 
different quality grades have the same tenderness.  Killinger et al. (2004) reported that 
consumers rated highly marbled steaks better for juiciness, flavor, and overall 
acceptability than lowly marbled steaks of the same WBSF.  Furthermore, consumers 
were willing to pay a premium for steaks of their preference (Killinger et al., 2004). 
Tenderness is impacted by differing postmortem aging periods.  Increased aging 
time yields more tender products.  In a survey of large and mid- to small-sized grocery 
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stores in eight U.S. cities by George et al. (1999), aging periods of strip loin steaks in the 
retail marketing chain ranged from 2 to 91 d with a mean of 19.2 d.  Results indicated 
that top sirloin steaks aged for less than 7 d post-fabrication had higher WBSF values 
than steaks aged for periods greater than 7 d and also had a greater frequency of steaks 
with a WBSF of greater than 4 kg, which is approximately the point where consumers 
distinguish tender from tough (George et al., 1999).  The Industry Guide for Beef Aging 
(2006) documented varied responses to postmortem aging, depending on the muscle and 
quality grade of a particular cut.  The LM was characterized as having either a 
moderately high or high aging response for Choice or Select grades, respectively 
(Industry Guide for Beef Aging, 2006).  The semimembranosus was characterized as 
having a high aging response in the Select grade but only a moderate response in the 
Choice grade (Industry Guide for Beef Aging, 2006).  Wet aging (aging in a vacuum bag 
at refrigeration temperatures) allows for individual steaks or muscles to be aged for the 
optimal time for each particular muscle and quality grade and has the potential to increase 
the use of specific muscles as steaks.   
Economics of beef tenderness 
 Inadequate beef tenderness and its impact on the economics of the beef industry 
are difficult to measure. In the 2000 National Beef Quality Audit, cost of inadequate 
tenderness was based on evaluations made by the 1998 National Beef Tenderness Survey.  
It was estimated that inadequate tenderness cost the industry $72 million in 2000 which is 
equivalent to $2.39 per steer and heifer harvested in 2000 (NCBA, 2000). A survey of 
grocers in 8 major U.S. cities indicated that 23.7% of strip loin steaks were rated as less 
than slightly tender by a trained sensory panel and that 20.5% of strip loin steaks had a 
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WBSF value of 4 kg or greater (George et al., 1999).  Miller et al. (2001) reported that 
78% of the consumers in that study would purchase steaks if the retailer guaranteed 
tenderness.  The study additionally concluded premiums of $76.26, $66.96, and $36.58 
could be paid for a carcass with a WBSF of <3.0 kg compared to carcasses with a WBSF 
of >5.7, >4.9, and >4.6 kg, respectively (Miller et al., 2001).  In the study by Boleman et 
al. (1997), consumers preferred tender beef (2.27 to 3.58 kg WBSF) in a purchase auction 
when compared with steaks of intermediate tenderness (4.08 to 5.40 kg WBSF) and 
tough steaks (5.90 to 7.21 kg WBSF) despite a +$1.10/kg price differential for the more 
tender steaks.  Consumers participating in a blind taste test of a tender and tough steak 
were willing to pay a premium of $5.87/kg ($2.67/lb) for a ‘guaranteed tender’ steak 
instead of a ‘probably tough’ steak (Lusk et al., 2001).  Furthermore, when the samples 
were identified as ‘guaranteed tender’ and ‘probably tough’ during the taste test, 
consumers were willing to pay an additional $1.91/kg ($0.87/lb) premium to upgrade to a 
tender steak (Lusk et al., 2001). Platter et al. (2005) reported a decrease of $1.02/kg in 
predicted mean bid prices for LM steaks for each 1 kg increase in WBSF value.  In 
addition, steaks in the very tender group received premium bids of $0.83/kg, $2.09/kg, 
and $2.55/kg when compared with steaks from slightly tender, slightly tough, and very 
tough steak groups, respectively (Platter et al., 2005).  Economics seem to dictate that the 
beef industry take steps to improve the tenderness of beef. 
Vitamin D3 and 25-hydroxyvitamin D3 
 One possible strategy to improve beef tenderness includes feeding vitamin D3 or 
its metabolites prior to harvest.  Vitamin D3, also known as cholecalciferol, is a fat-
soluble vitamin derived from 7-dehydrocholesterol metabolism in the body.  In the skin, 
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7-dehydrocholesterol is converted to previtamin D3 via ultraviolet radiation.  Previtamin 
D3 then can be converted to vitamin D3 through hydroxylation in the liver via 25-
hydroxylase and in the proximal tubules of the kidney via 1α-hydroxylase and 24-
hydroxylase (Ganong, 2005).  The resulting 1,25-dihydroxyvitamin D3 is the active form 
of vitamin D3, while 24,25-dihydroxyvitamin D3 is inactive (Ganong, 2005).  Vitamin D3 
also can be consumed in the diet.  The requirement of vitamin D for beef cattle is 275 
IU/kg of diet DM according to the NRC (2000), where an IU is defined as 0.025 µg of 
vitamin D3 or D2.  Cattle are typically exposed to sunlight; so, vitamin D supplementation 
is not often necessary.   
7-dehydrocholesterol
Previtamin D3
Vitamin D3
24,25-dihydroxyvitamin D3 1,25-dihydroxyvitamin D3
25-hydroxyvitamin D3
24-hydroxylase
25-hydroxylase
1α-hydroxylase
LIVER
KIDNEY
ACTIVE
highly regulated
 
Figure 1.  Synthesis of 1,25-dihydroxycholecalciferol. 
Vitamin D3 is considered to be a secosteroid, a derivative of cholesterol in which 
the B ring is opened.  It is considered a steroid because it is largely formed in the body 
and travels through the blood to a target tissue to have an effect.  In the cell, 1,25-
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dihydroxyvitamin D3 binds to an intracellular vitamin D receptor (VDR), dimerizes, and 
then binds to DNA to increase or decrease transcription of mRNAs.   
 
 
Figure 2.  Structure of 1,25-dihydroxyvitamin D3. 
Regulation of blood calcium 
One of the mRNA transcripts increased by activation of the VDR is the calbindin-
D family of proteins, which are part of the troponin C superfamily of Ca2+-binding 
proteins (Ganong, 2005).  Calbindin-D9k and calbindin-D28K are found in the intestinal 
epithelium and have been correlated highly to increased calcium transport across the 
intestinal epithelium (Ganong, 2005).  Ganong (2005) stated that 1,25-dihydroxyvitamin 
D3 seems to increase the number of Ca2+-H+ ATPase molecules in intestinal cells, which 
would increase calcium concentrations in the interstitium.  This increase in calcium in the 
interstitium is indicative of improved calcium uptake from the diet.  In addition to 
increasing Ca2+ absorption from the intestine, 1,25-dihydroxyvitamin D3 increases Ca2+ 
resorption in the kidney, increases osteoblastic synthetic activity, and is necessary for 
normal calcification of bone (Ganong, 2005).   
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The formation of 1,25-dihydroxyvitamin D3 is highly regulated through feedback 
mechanisms.  Blood plasma Ca2+ and phosphate (PO43-) are monitored and act in a 
feedback fashion on 1-hydroxylase in the kidney (Ganong, 2005).  When Ca2+ 
concentrations in the blood are high, this feeds back to parathyroid hormone (PTH) to 
decrease its mRNA abundance, which decreases 1α-hydroxylase activity (Ganong, 2005).  
When blood PO43- is high, it feeds back to directly inhibit 1α-hydroxylase.  The active 
form, 1,25-dihydroxyvitamin D3, also is involved in the feedback mechanism as it is 
inhibitory to PTH and 1α -hydroxylase and is also stimulatory to 24-hydroxylase activity. 
Increasing 24-hydroxylase activity results in increased formation of 24,25-
dihydroxyvitamin D3, which is the metabolically inactive form (Figure 3; adapted from 
Ganong, 2005). 
Parathyroid 
Hormone
25-(OH)D3
24,25-(OH)2D3
1,25-(OH)2D3
Ca2+
Bone and 
Intestine
PO43-
 
Figure 3.   Regulation of the formation of 1,25-dihydroxyvitamin D3.  Dashed lines are 
inhibitory and solid lines are stimulatory (adapted from Ganong, 2005). 
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Regulation of muscle calcium 
Calcium uptake into cells can be regulated through several channels including 
voltage-dependent calcium channels, store-operated calcium channels and Ca2+/ATPases.  
The Ca2+/ATPase is abundant in the sarcoplasmic reticulum, which stores calcium and is 
important for muscular contraction.  It maintains cytosolic calcium concentrations at 
approximately 0.1 µM, whereas concentrations within the sarcoplasmic reticulum are 
near 1.5 mM (Berg et al., 2002).  Store-operated calcium channels in the plasma 
membrane help regulate the influx of calcium into the cell.  These channels open in 
response to a decrease in intracellular calcium stores (Parekh, 2007).  Voltage-gated 
calcium channels (VGCC; or voltage-dependent calcium channels) also play a role in 
regulating intracellular calcium.  A gradient is maintained between the exterior of the cell 
(where Ca2+ concentration is high) and the cytosol (where Ca2+ concentration is low).  
The opening of the VGCC allows for a rapid rise in intracellular Ca2+ so it may act as a 
signaling molecule. 
Chick muscle cells have been used for an in vitro study investigating the effects of 
1,25-dihydroxyvitamin D3 on muscle calcium concentrations (Vazquez et al., 1998).  A 
rapid (within 3 min) increase in intracellular Ca2+ resulted from treatment with 1,25-
dihydroxyvitamin D3.  This response was sustained as long as the cells were exposed to 
1,25-dihydroxyvitamin D3 and seems to be the result of VGCC and store-operated 
calcium channels opening (Vazquez et al., 1998). 
Impact on postmortem muscle 
 In postmortem muscle, ATP is depleted and this leads to the inability of the 
sarcoplasmic reticulum to sequester Ca2+.  Once free in the cell, Ca2+ binds to the 
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troponin-C subunit, moves tropomyosin, and therefore exposes the myosin binding site 
on actin.  Actin-myosin crossbridges form, and the onset of rigor begins.  Several 
enzymes are activated by increased concentrations of calcium, namely the calpains, µ-
calpain and m-calpain. 
The calpain system 
 Tenderness of meat improves over the course of aging.  A major contributing 
factor to this improvement is the calpain system of proteolysis.  The calpains are of 
particular importance because they degrade myofibrillar proteins.  The calpains are 
described as calcium-dependent cysteine proteases that require a reducing environment 
for activity and include µ–calpain and m-calpain (Guttmann et al., 1997).  Koohmaraie 
(1996) and Koohmaraie and Geesink (2006) found that µ-calpain is largely responsible 
for tenderization.  This conclusion stems from previous findings that µ-calpain activity 
decreases during storage, as does the improvement in tenderness, whereas m-calpain 
activity is quite stable over a long postmortem aging period (Koohmaraie, 1996; 
Koohmaraie and Geesink, 2006; Gerelt et al., 2005).  A decrease in calpain activity in 
postmortem muscle indicates that the calpains have been activated previously (Huff-
Lonergan and Lonergan, 2005).  Dayton et al. (1981) found µ-calpain to be active at 50-
70 µM Ca2+, whereas m-calpain requires 1-5 mM Ca2+ to be active.  These µM 
concentrations are thought to become available in postmortem muscle.  However, the 1-5 
mM concentrations of Ca2+ reported for m-calpain activation are much greater than the 
nM concentrations found in living cells (Goll et al, 2003).  The calpains, when activated, 
can remove z-disk and m-line proteins from the sarcomere in damaged proteins or in 
postmortem muscle (Scanes, 2003).  Desmin, synemin, talin, and vinculin are proteins 
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associated with myofibers that are hydrolyzed by calpain activity according to a review 
by Huff-Lonergan and Lonergan (2005).  Troponin-T, titin, and nebulin also have been 
reported as being degraded by the calpains (Koohmaraie et al., 1995).  Actin and myosin, 
the two major myofibrillar proteins, are not degraded by the calpain proteases (Goll et al., 
2003).   
Calpain activity can be affected by a variety of cellular conditions including pH, 
ionic strength, oxidation, or the inhibitor, calpastatin.  Geesink and Koohmaraie (1999) 
found µ-calpain activity to decrease with increasing ionic strength.  Guttmann et al. 
(1997) reported that µ-calpain (calpain I) is inactivated by oxidation at any concentration 
of calcium, and it is the cysteine amino acid residue that is prone to oxidation and results 
in inactivation.  Carlin et al. (2006) also reported decreased activity of µ-calpain because 
of oxidation.  Additionally, µ-calpain appears to have optimal activity at pH 6.5, which is 
found in early postmortem muscle (Carlin et al., 2006). 
Calpastatin is a competitive inhibitor of the calpains and contains four calpain 
binding domains to inhibit calpain (Lee et al., 1992).  Calpastatin requires Ca2+ for 
inhibition because it binds to the enzyme-Ca2+ complex, which is the active form of the 
enzyme (Cottin et al., 1981).  In addition, calpastatin may serve as a substrate for calpain 
(Doumit and Koohmaraie, 1999).  Geesink and Koohmaraie (1999) reported that 
calpastatin decreased the rate and extent of proteolysis under a variety of pH and ionic 
strength conditions.  In addition, pH affects the inhibitory action of calpastatin on µ-
calpain.  Carlin et al. (2006) reported decreased inhibitory activity of calpastatin 
attributable to oxidation, regardless of pH or ionic strength.  In addition, several β-
adrenergic agonists increase calpastatin activity in lambs, leading to decreased tenderness 
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attributable to a decline in proteolysis (Koohmaraie et al., 1991).  However, calpastatin 
activity in beef from cull cows has been documented to decrease rapidly during storage 
(Gerelt et al., 2005).  Thus, calpastatin activity can be affected by a variety of factors, 
including pH, ionic strength, and calcium concentrations in post-mortem muscle. 
Supplementation with vitamin D3 and its metabolites 
 Researchers have hypothesized that, because it could increase Ca2+ absorption 
from the intestine, which would increase plasma Ca2+ and possibly activate the calpain 
system postmortem, vitamin D3 or its metabolites could be used as a mechanism to 
improve beef tenderness.  Treatment lengths, forms, and concentrations of vitamin D3 
have been widely varied with mixed results. 
Effects on feedlot performance  
Results of feeding or giving an oral bolus of supranutritional vitamin D3 
concentrations to cattle prior to harvest have indicated that supplementation or 
administration of vitamin D3 at 0.5 million IU/d or more is detrimental to performance 
and feed intake during and after the period of supplementation.  Karges et al. (2001) 
investigated the effect of feeding 6 x 106 IU of vitamin D3 to British crossbred steers for 
either 4 or 6 d and found decreased DMI for steers supplemented with vitamin D3.  
Montgomery et al. (2004c) found treatment with 0.5, 1, and 5 x 106 IU of vitamin D3 for 
8 d prior to harvest resulted in a linear decrease in ADG over the 8-d period and 
additionally decreased feed intake for the final 2 d of supplementation when compared 
with unsupplemented steers.  Supplementing steers with 5 or 7.5 x 106 IU vitamin D3 for 
9 days prior to harvest was detrimental to ADG, and supplementing with 2.5 to 7.5 x 106 
IU negatively impacted DMI (Montgomery et al., 2002).  The G:F ratio was decreased in 
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steers supplemented with 5 x 106 IU for 8 d when compared with controls (Montgomery 
et al., 2004c).  It may be possible to administer vitamin D3 at a concentration (0.5 x 106 
IU) not detrimental to performance; however, the desired increase in Ca2+ may not result 
(Montgomery et al., 2004c).  Feeding or supplementing vitamin D3 at very high doses or 
lengths of time may result in toxicity, hypercalcemia, loss of body weight and appetite, 
decreased feed intake, or possibly death.  Feedlot steers supplemented with 5 x 106 IU of 
vitamin D3 exhibited decreased ADG by 0.37 kg/d when compared with unsupplemented 
counterparts (Montgomery et al., 2004c).  In contrast to these findings, Wertz et al. 
(2004) reported that oral administration of 62.5 or 125 mg of 25-OH D3 did not 
negatively impact feedlot performance; however, increased plasma calcium 
(hypercalcemia) was not observed in the study, which may have contributed to the lack of 
effect on feed intake.   
Plasma calcium 
Measuring plasma Ca2+ has been used to verify an increase in Ca2+ attributable to 
treatment with vitamin D3 or its metabolites.  Typically, bovine plasma Ca2+ 
concentrations are between 8 and 12 mg/dL.  If blood Ca2+ concentrations are not 
increased as a result of treatment, it is unlikely that muscle Ca2+ has been increased, and 
thus the calpains would not be more active than without supplementation.  Many 
researchers have documented plasma Ca2+ concentrations in steers treated with vitamin 
D3 or one of its metabolites (Montgomery et al., 2004c; Montgomery et al., 2002; 
Montgomery et al., 2000; Swanek et al., 1999; Tipton et al., 2007; Karges et al., 2001; 
Scanga et al., 2001).  Plasma Ca2+ concentrations were increased on the day of harvest in 
steers supplemented with 6 x 106 IU of vitamin D3 for 4 (11.33 mg/dL) or 6 d (12.16 
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mg/dL) prior to harvest when compared with unsupplemented control steers (9.91 mg/dL) 
and it also was greater for steers supplemented for 6 d as compared with 4 d (Karges et 
al., 2001).  Montgomery et al. (2004d) reported an increase in plasma Ca2+ in steers 
supplemented with 0.5, 1, and 5 x 106 IU for 8 d prior to harvest, with steers 
supplemented at the highest level exhibiting the highest plasma Ca2+ concentrations 
(greater than 12.5 mg/dL).  Additionally, steers supplemented with 2.5 to 7.5 x 106 IU 
vitamin D3 for 9 d prior to harvest exhibited increases in plasma Ca2+ (Montgomery et al., 
2002).  Swanek et al. (1999) also documented increases in plasma Ca2+ as a result of 
supplementing vitamin D3 at concentrations of 2.5, 5.0, and 7.5 x 106 IU vitamin D3 for 7 
to 10 d. Similar results were reported by Scanga et al. (2001), whereas supplementation 
of beef steers with 1 to 5 x 106 IU of vitamin D3 induced increases in serum Ca2+ after 2 d 
of supplementation.  Tipton et al. (2007) achieved a small increase in serum calcium in 
beef steers supplemented with 3 x 106 IU of vitamin D3 for 5 d. 
Carnagey et al. (2006) conducted an experiment where calcium intake of beef 
steers was restricted and then replenished (0.5, 0.75, or 1.0 % limestone) and steers 
received a bolus of 25-hydroxyvitamin D3 (0, 250, or 500 mg).  Results indicated that 
plasma calcium increased in all treatment groups but was greatest in steers receiving a 
bolus of 500 mg of 25-hydroxyvitamin D3 (Carnagey et al., 2006).  Foote et al. (2004) 
reported when steers received an oral bolus of 1,25-hydroxyvitamin D3 (0, 125, 250, or 
500 µg) that market-weight crossbred steers receiving 500 µg of 1,25-OH D3 had the 
highest plasma Ca2+ concentrations and that plasma Ca2+ peaked 3 d after administration.  
Furthermore, dosages of 25-hydroxyvitamin D3 (50, 87.5, or 125 mg) increased plasma 
Ca2+ and the 125-mg dose caused the greatest increase in plasma Ca2+, which peaked 4 d 
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after treatment (Foote et al., 2004).  Foote et al. (2004) also reported that steers treated 
with 25-hydroxyvitamin D3 (50, 87.5, or 125 mg) 4 d prior to harvest had higher 
circulating 25-hydroxyvitamin D3 at harvest compared with pre-treatment, but it failed to 
increase Ca2+ concentrations in the plasma at harvest.  Wertz et al. (2004) reported a 
similar increase in circulating 25-hydroxyvitamin D3 in plasma, yet no increase in plasma 
Ca2+ when 62.5 or 125 mg of 25-OH D3 was administered to feedlot steers at 4, 7, 21, or 
35 d prior to harvest.  Similarly, a dose of 125 mg of 25-hydroxyvitamin D3 to Korean 
cull cows 6 d prior to slaughter was not sufficient to increase blood Ca2+ concentrations 
(Cho et al., 2006).  These experiments document that administration vitamin D3 and the 
metabolites are capable of increasing plasma Ca2+ concentrations, though time of peak 
plasma Ca2+ concentrations after administration is variable and the dose-response curve is 
dependent upon the form and concentration of vitamin D3 administered.   
In a study by Foote et al. (2004), neither plasma nor muscle Ca2+ concentrations 
were significantly increased with supplementation of 125 mg of 25-hydroxyvitamin D3 4 
d prior to harvest.  However, tenderness of the semimembranosus (SM) and infraspinatus 
(IF) were improved at 21 and 14 d postmortem, respectively.  This result may indicate 
that 25-hydroxyvitamin D3 may have a role in beef tenderization independent of the 
calpain system, or that the ratio of bound Ca2+ to available Ca2+ may be impacted by 25-
hydroxyvitamin D3.   
Muscle calcium 
 Muscle Ca2+ concentrations are of particular importance in this research because 
increasing the Ca2+ in muscle could lead to increased activation of the calpain system of 
proteolysis, the mechanism leading to improved tenderness.  Muscle Ca2+ also serves as 
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verification that plasma Ca2+ increases are indicative of increases in the muscle. Reports 
of muscle calcium concentrations vary widely, and, while some variation is likely 
attributable to procedural differences and error, when converted to an approximately 
equal basis, the range is staggering.  Oral supplementation of beef steers with 0.5, 1, or 5 
x 106 IU of vitamin D3 for 8 d prior to harvest increased LM Ca2+ compared with LM 
from the control group from 6.69 to 8.50, 8.89, and 8.60 mg Ca/100 g wet tissue, 
respectively, in the treatment groups (Montgomery et al., 2004d).  However, 
Montgomery et al. (2004d) also reported that µ-calpain activity was decreased by vitamin 
D3 treatments and m-calpain activity was not affected.  Treatment with vitamin D3 and 
1,25-dihydroxyvitamin D3 led to an increase in plasma Ca2+ concentrations, but the Ca2+ 
concentrations in the LM, SM, and IF were not affected by any treatment with calcium 
concentrations ranging from 0.099 to 0.107 mg calcium/g dry tissue (Foote et al., 2004).  
Wertz et al. (2004) reported that muscle calcium concentrations were between 4.4 and 9.0 
µg water-soluble Ca/g tissue from steaks of steers supplemented with 62.5 or 125 mg of 
25-OH D3, which was not different from steaks from control steers.  Supplementation of 
aged cows with 5 or 7.5 x106 IU vitamin D3 for 7 d prior to harvest did not result in a 
statistical increase in longissimus muscle Ca2+, though concentration tended to increase 
with increasing vitamin D3 (Rider Sell et al., 2004).  However, concentrations reported in 
this study seem exceedingly high at greater than 150 µg Ca/g of fresh tissue compared 
with reports in other studies of 6-9 µg/g.   Carnagey (2006) also reported high values at 
220-500 µg/g of fresh tissue.  In a study by Lawrence et al. (2005), calcium 
concentrations in the longissimus of steers supplemented with 125 mg of 25-
hydroxyvitamin D3 for 2, 4, or 6 d prior to harvest and control steers were above 520 µg/g 
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of fresh muscle.  Tipton et al. (2007) reported muscle calcium concentrations from steers 
supplemented with 0 or 3 x 106 IU of vitamin D3 from 16 to 23 µg/g of tissue.  Cho et al. 
(2006) and Polidori et al. (2001) reported calcium concentrations in beef of 8.9 to 9.9 
µg/g of fresh tissue and approximately 12 µg/g of fresh tissue, respectively.  Also, µ-
calpain requires approximately 2 to 50 µM concentrations of calcium in the tissue for 
activation, which would be approximately 2 µg/g fresh tissue, whereas m-calpain is 
reported to require 800 µM calcium for activation, which would be equivalent to 32 µg/g 
fresh tissue.  This result is of interest because m-calpain has been reported to have very 
little impact on the aging and tenderization of beef (Koohmaraie and Geesink, 2006). 
Despite the differences found in concentration, localization of calcium within the 
tissues is also important.  Results of an experiment conducted to determine localization of 
calcium in the subcellular fractions of muscle indicated that supplementation of steers 
with 1 or 5 x 106 IU vitamin D3 increased the cytosolic calcium (expressed as ug of 
Ca/mg of protein) at 3 and 21 d postmortem (Montgomery et al., 2004a).  This finding 
was of significance because it showed the calcium was localizing in the cytosol and 
would then have access to the calpains in postmortem muscle, which could indicate 
greater activation of the calpains and therefore improve beef tenderness.   
Plasma phosphorus 
 Commonly, plasma phosphorus is measured during vitamin D3 supplementation 
because of its role in the negative feedback mechanism on 1α-hydroxylase.  Production 
of 1,25-dihydroxyvitamin D3 increases with low plasma phosphate and decreases with 
high plasma phosphate because of phosphate regulating 1α-hydroxylase (Figure 3; 
Ganong, 2005).  In addition, plasma phosphate may be increased by increased absorption 
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of phosphate from the intestine (Ganong, 2005).  Karges et al. (2001) found no 
differences in plasma P when steers were supplemented for 4 or 6 d prior to harvest with 
6 x 106 IU of vitamin D3 when compared with controls.  Montgomery et al. (2004d), 
however, reported supplementation with 0.5, 1, and 5 x 106 IU vitamin D3 for 8 d prior to 
harvest linearly increased plasma P concentrations at harvest when compared with 
unsupplemented controls, but that muscle P concentrations were not increased.  
Evaluation of subcellular fractions of muscle revealed that supplementation with 1 or 5 x 
106 IU vitamin D3 increased cytosolic P concentrations (expressed as µg of P/mg of 
protein) when compared with controls (Montgomery et al., 2004a). 
Warner-Bratzler Shear Force (WBSF) 
 Consumers are the ultimate judge of acceptability of beef tenderness, but WBSF 
gives researchers an objective measure of beef tenderness, rather than a subjective 
measure (AMSA, 1995).  Decreased WBSF values indicate a more tender product.  
WBSF was decreased in longissimus muscle (LM) steaks aged 7 or 14 d when steers 
were supplemented with 6 x 106 IU of vitamin D3 for 6 d prior to harvest when compared 
with untreated control steers or steers supplemented with 6 x 106 IU for 4 d prior to 
harvest (Karges et al., 2001).  However, in the same study, trained panelists did not detect 
any differences in sensory traits between steaks from steers supplemented with 6 x 106 IU 
vitamin D3 for 4 or 6 d and steaks from those not supplemented (Karges et al., 2001).  
Karges et al. (2001) found supplementation with 6 x 106 IU of vitamin D3 for 4 or 6 d 
decreased the incidence of LM, gluteus medius (GM), and biceps femoris (BF) steaks 
(aged for 7, 14 or 21 d) with a WBSF of greater than 3.86 kg, which was considered a 
threshold of tenderness in that study.  Supplemental vitamin D3 (0.5, 1, or 5 x 106 IU) 
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prior to harvest has also been shown to decrease WBSF in LM steaks aged 7, 10, 14 and 
21 d when compared with controls, and 5 x 106 IU of vitamin D3 decreased SM WBSF at 
d 10 postmortem when compared with controls (Montgomery et al., 2004d; Foote et al, 
2004).  Strip loin and top loin steaks from steers supplemented with 5 or 7.5 x 106 IU 
vitamin D3 for 9 d had lower WBSF values at only 14 d postmortem (not 3, 7, or 21 d) 
than steaks from control steers, but this tenderness difference was not perceived by a 
trained sensory panel (Montgomery et al., 2000).  When aged cows were supplemented 
with 7.5 x 106 IU vitamin D3 for 7 d prior to harvest, lower WBSF values resulted after 7 
d of aging, but no differences were detected at 0 or 21 d postmortem (Rider Sell et al., 
2004).  Swanek et al. (1999) documented that cross-bred beef steers supplemented with 5 
x106 IU of vitamin D3 for 7 d prior to harvest had LM shear force values of 4.12 kg, 
which was significantly more tender than the 4.70-kg of shear force of the LM from 
unsupplemented control steers after a 7-d aging period and a trained sensory panel found 
the steaks from supplemented steers significantly more tender than control steaks.  Aging 
LM steaks to 14 or 21 d seemed to offset the improvement in tenderness for vitamin D3 
supplemented steers versus controls (Swanek et al., 1999).  Montgomery et al. (2004d) 
found that treatment with 0.5, 1 or 5 x 106 IU of vitamin D3 resulted in a 1-kg reduction 
in WBSF of longissimus steaks.  However, Scanga et al. (2001) reported supplementation 
of beef steers with 1 to 5 x 106 IU vitamin D3 for 2, 4, 6, or 8 d did not produce decreases 
in WBSF of LM steaks for any postmortem aging period (2, 7, 14, or 21 d).  
Improvement of tenderness attributable to vitamin D3 supplementation may be dependent 
on the postmortem aging period and the muscle used to evaluate shear force 
(Montgomery et al., 2002).  Montgomery et al. (2002) reported that vitamin D3 
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supplementation accelerates the aging process, resulting in generally improved tenderness 
at 7 d of aging, but those improvements were not evident at later aging periods.  In 
addition, vitamin D3 supplementation was most useful in improving tenderness of round 
muscles and also was more beneficial when supplemented to cattle suspected of being 
tough than those expected to be tender (Montgomery et al., 2002). 
Use of 25-hydroxyvitamin D3 
Giving an oral bolus of 25-hydroxyvitamin D3 (50, 87.5, or 125 mg) 4 d prior to 
harvest resulted in increased proteolysis in LM steaks aged for 21 d, which could 
translate into improved tenderness (Foote et al., 2004).  Treating steers with 5 x 106 IU of 
vitamin D3 increased the appearance of the 30-kDa troponin T degradation product from 
LM steaks at d 1 and 14 postmortem, which is indicative of increased proteolysis 
(Montgomery et al., 2004d).  However, Montgomery et al. (2002) reported LM µ- and m-
calpain and calpastatin activities were not changed in 20 min postmortem muscle from 
steers supplemented with 0.5 to 7.5 x 106 IU vitamin D3 for 9 days prior to harvest.  In 
another study, steers supplemented with 7.5 x 106 IU of vitamin D3 for 10 d prior to 
harvest had significantly lower LM 24 h µ-calpain activity than control steers (Swanek et 
al., 1999).  Decreases in µ-calpain activity at 24 h postmortem may indicate that elevated 
muscle Ca is drastically increasing the rate of proteolysis achieved by the calpain system, 
such that its activity by 24 h postmortem is decreased.  Nonetheless, Cho et al. (2006) 
reported concentrations of µ- and m-calpain mRNA in muscle of Korean cull cows 
receiving a dose of 25-hydroxyvitamin D3 6 d prior to harvest immediately postmortem 
were increased 397 and 497%, respectively.  Additionally, µ-calpain protein expression 
was significantly greater in cows receiving 25-hydroxyvitamin D3 compared to control 
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cows (Cho et al., 2006).  Calpastatin mRNA was decreased 86% by a dose of 125 mg of 
25-hydroxyvitamin D3 (Cho et al., 2006).  
 Residues and hypervitaminosis D 
 The current recommended daily allowance of vitamin D for humans is 5 µg/d for 
most males and females, with 10 µg/d recommend for those 51-70 years of age and 15 
µg/d recommended for those >70 years of age (National Academy of Sciences, 2004).  
When supplementing steers with supranutritional vitamin D3, increases in tissue and 
organ vitamin D3 have been so great that it may be possible for human consumption of 
the tissue (as meat) to result in hypervitaminosis D or vitamin D toxicity.  Vitamin D3 
(0.5, 1, or 5 x 106 IU) supplementation resulted in increased vitamin D3 in raw LM (12.8, 
20.5, and 45.5 ng/g of tissue) and kidney (224.7, 261.1 and 405.2 ng/g of tissue) samples 
when compared with control for raw LM and kidney (5.3 and 12.2 ng/g of tissue, 
respectively), but a significant difference in vitamin D3 between steaks from treated and 
untreated steers was not evident in cooked LM samples (Montgomery et al., 2004d).  
Supplementation of steers with 5 x 106 IU of vitamin D3 resulted in 75-, 33-, and 8-fold 
increases in tissue concentrations of vitamin D3 in fresh samples of liver, kidney, and 
LM, respectively (Montgomery et al., 2004d).  A similar fold difference (6.7) in vitamin 
D3 concentration was reported in strip loin steaks from steers supplemented 7.5 x 106 IU 
vitamin D3 when compared with controls, whereas the increase in fresh liver sample was 
3.6 times greater than controls (Montgomery et al., 2002).  These findings are also 
consistent with Montgomery et al. (2000) showing increases in vitamin D3 when steers 
were supplemented with 5 or 7.5 x 106 IU vitamin D3 for 9 d before harvest in round 
steaks (78.5 and 86.6 ng/g) and strip loin steaks (80.8 and 91.1 ng/g) when compared 
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with controls (2.8 and 4.1 ng/g for round steaks and strip loin steaks, respectively). 
Concentrations of 25-hydroxyvitamin D3 were increased in cooked liver samples from 
steers supplemented with 5 or 7.5 x 106 for 9 days prior to slaughter, 20.0 and 14.9ng/g of 
tissue, respectively, compared with controls at 2.2ng/g of tissue(Montgomery et al., 
2002).  Steers receiving a bolus of 125 mg 25-hydroxyvitamin D3 at 4 d prior to harvest 
had increased concentrations of 25-hydroxyvitamin D3 in the liver, kidney, and muscle 
compared with controls, but the increases were only approximately half that of the 
increases obtained when steers were supplemented with 5 x 106 IU of vitamin D3 (Foote 
et al., 2004).  Cho et al. (2006) reported no significant effect on concentrations of vitamin 
D3 in the LM, liver, kidney, or serum when cull cows were doses with 125 mg of 25-
hydroxyvitamin D3 6 d prior to harvest.   
 Further complication on the issue of vitamin D3 residue and possible toxicity 
exists because some researchers have begun to question if the Recommended Dietary 
Allowance (RDA) of vitamin D is adequate and if the concentrations deemed as toxic 
from previous studies are truly detrimental to human health.  Currently, 50 µg/d of 
vitamin D is considered to be the highest amount for human consumption without the 
possibility of hypercalcemia.  Vieth et al. (2001) demonstrated that supplementing 100 
µg/d vitamin D3 to generally healthy, middle aged adults for a period of 2-5 months 
resulted in serum 25-hydroxyvitamin D3 concentrations >69 nmol/L, which is still 
considered to be on the lower end of the desirable range, and they also found no increase 
in hypercalcemia.  Vieth et al. (2001) concluded that no harmful effects were caused by 
100 µg/d vitamin D3 and that previous data used to establish the Food and Nutrition 
Board lowest observed adverse effect level (LOAEL) may have been incorrect. 
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Hormonal implant strategies 
 Hormonal implants are used widely in the beef industry as a means to increase 
weight gains and improve feed efficiency.  Many types of hormonal implants are on the 
market with a variety of active ingredients and dosages.  Their use may have implications 
for beef tenderness because of their association with increased calpastatin activity 
(Koohmaraie et al., 1991; Parr et al., 1992). 
Types of implants 
 Several different types of hormonal implants are available for use in beef cattle.  
These implants are used to increase rate of weight gain and improve efficiency of gain.  
Hormones used in these implants include trenbolone acetate (TBA; synthetic androgen), 
estradiol or estradiol benzoate (natural estrogen), progesterone, and zeranol (fungal-
derived estrogen).  Commercially available products include implants containing varying 
concentrations of individual hormones or combinations of hormones.  Time of implanting 
varies with type of operation.  Cow-calf producers commonly implant young calves in 
order to increase weight gain to weaning.  Feedlot operators can use various implant 
strategies based on weight of cattle at receiving and length of time cattle are expected to 
be in the feedlot.  Lightweight cattle are often implanted initially with implants 
containing low concentrations of TBA and then again 120-60 d prior to harvest with 
implants containing higher concentrations of TBA, a more aggressive implant program.   
Impact on performance parameters 
 It is well-documented and widely accepted that hormonal implants in feedlot 
cattle improve efficiency and performance (NRC, 2000).  Reiling and Johnson (2003) 
found implanting with a zeranol or TBA plus estradiol implant 156 d prior to harvest and 
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then again 100 d prior to harvest resulted in increased ADG.  Cattle implanted with 
zeranol or TBA combination implants may gain up to 20% faster than unimplanted cattle, 
resulting in a 29-kg increase in carcass weight (Reiling and Johnson, 2003).  Guiroy et al. 
(2002) reported that implanting led to increased ADG, G:F, and final adjusted BW.   
Impact on carcass and meat quality traits 
 Administration of hormonal implants at varied times prior to harvest results in 
increased LM area and carcass weights (Apple et al., 1991).  Hormonal implants can also 
result in decreased kidney, pelvic, and heart fat, which could result in a lower final yield 
grade (Reiling and Johnson, 2003; Platter et al., 2003).  However, implants also have 
been documented to have a negative impact on beef tenderness (Platter et al., 2003).  
Cattle implanted twice during a minimum 156-d finishing period with a TBA/estradiol 
combination implant had increased LM WBSF values (3.58 kg) and decreased marbling 
scores compared with unimplanted cattle (3.06-kg WBSF; Reiling and Johnson, 2003).  
Additionally, cattle implanted 2 or more times during their lifetime recorded greater shear 
force values than control, non-implanted cattle (Platter et al., 2003).  Furthermore, steaks 
from non-implanted control steers had lower WBSF values and increased consumer 
acceptance than steers receiving from 1 to 5 implants during production (Platter et al., 
2003).  Non-implanted steers had lower WBSF values than steers implanted with 
Revalor-S® (Roeber et al., 2000).  Roeber et al. (2000) reported that non-implanted 
control cattle generally had increased marbling scores, and steaks from those cattle had 
more favorable consumer beef tenderness scores when compared with steaks from cattle 
from a number of implant strategies.  Cattle implanted twice during the finishing period 
with a zeranol implant or a TBA combination implant graded 18% USDA Choice, 
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whereas 50% of control steers graded USDA Choice (Reiling and Johnson, 2003).  Steers 
receiving two implants during their lifetime had greater marbling scores than steers 
receiving 4 or 5 implants (Platter et al., 2003).  Cattle receiving either an estradiol 
benzoate/TBA combination implant or an estradiol and progesterone series of implants 
had lower quality grades by approximately one-half of a grade when compared with non-
implanted controls (Duckett et al., 1999).  Implanted cattle may also exhibit advanced 
physiological or skeletal maturity versus non-implanted cattle, which could negatively 
impact final quality grade (Reiling and Johnson, 2003).   
 Evidence suggests implants may influence the fatty acid profile of beef.  Lower 
total fatty acid percentages in the longissimus muscle have been documented for 
implanted (estradiol benzoate + TBA 125 d prior to harvest) versus non-implanted steers 
(3.64% vs. 4.31%; Duckett et al., 1999). While implanting did not significantly affect the 
percentage of most saturated fatty acids or odd chain fatty acids in the longissimus, the 
percentages of stearic (C18:0) and linolenic (C18:3) acids increased, and the percentage 
of oleic acid (C18:1) was reduced in implanted steers versus non-implanted steers 
(Duckett et al., 1999).  Steers implanted with an estradiol + TBA implant once (d 0) or 
twice (d 0 and 61) tended to have greater percentages of linoleic (C18:2) acid than non-
implanted cattle or cattle receiving a estradiol benzoate + progesterone implant d 0 and an 
estradiol benzoate + TBA implant on d 61 (Duckett et al., 1999).  A decrease in linoleic 
acid percentage occurs as days on feed (DOF) increase (Duckett et al., 1993).  
Pasture-fed versus grain-fed beef 
 It is generally recognized that finishing cattle on a grass-based system takes a 
longer time to reach finished weights and USDA Choice grade than finishing on a 
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concentrate-based diet (usually fed grain, most often corn; Bowling et al., 1977; Bowling 
et al., 1978; Harrison et al., 1978; Schaake et al., 1993).  Varied management strategies 
for finishing beef cattle can result in differences in meat quality attributes.  
Tenderness and other sensory attributes 
Pasture-fed beef is generally less tender and less desirable to consumers than beef 
from concentrate-finished cattle.  Pasture finishing cattle typically takes a longer period 
of time and therefore results in greater age of the animal at harvest, which leads to 
decreased tenderness.  Bowling et al. (1977) documented that forage-finished steers were 
less tender than feedlot-finished steers with steaks having WBSF values of 8.4 vs. 5.6 kg, 
respectively.  Schaake et al. (1993) also reported that steaks from feedlot-finished steers 
had lower WBSF values than steaks from steers grazing fescue-clover (5.5 vs. 6.3 kg, 
respectively).  Furthermore, pasture-finished cattle have been documented to have lower 
USDA quality grades than grain-finished cattle (Schaake et al., 1993; Bowling et al., 
1978; Harrison et al., 1978; Crouse et al., 1984). 
Differences in flavor also exist between pasture and corn-finished beef cattle.  
Forage-finished beef has been found to be less desirable in flavor and overall palatability 
than feedlot-finished beef (Bowling et al., 1977; Bowling et al., 1978; Harrison et al., 
1978).  Even when steaks were paired by similar WBSF, consumers rated domestic, corn-
finished beef as better for tenderness, juiciness, flavor, and overall acceptability when 
compared with Australian grass-fed beef steaks, with flavor being the largest 
distinguishing factor (Killinger et al., 2004; Sitz et al., 2005).  However, flavor 
differences in the study may have been confounded by the 67- to 73-d aging period of the 
Australian beef, which would have allowed greater time for off-flavor development, 
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versus the 8 to 11 d aging period for U.S. beef.  Consumers also rated U.S. corn-fed beef 
as more tender than Canadian barley-finished beef, despite similar WBSF values and 
similar quality grades (Sitz et al., 2005).  Bowling et al. (1977) reported grain-finished 
beef had lesser WBSF values when compared with grass-finished beef LM when quality 
grades were equal.  Schaake et al. (1993) reported increased initial flavor intensity in 
cattle finished in drylot versus those finished in a grass-based system.  Carcasses from 
grain-fed cattle had greater quality grades and extractable lipid as well as increased 
firmness and texture when compared with grass-finished beef (Leander et al., 1978; 
Schroeder et al., 1980).  Furthermore, grain-finished cattle have carcasses with brighter 
lean color, younger lean maturity scores, and whiter external fat than do grass-finished 
beef (Crouse et al., 1984; Harrison et al., 1978; Schaake et al., 1993).  The subcutaneous 
adipose tissue of grass-finished cattle increased carotenoid concentrations compared with 
grain-fed cattle, and this can account for 46% of the variation in fat color (Dunne et al., 
2006).  Differences in age at harvest may contribute to the incidence of younger lean 
maturity scores in grass-fed cattle; however, reasons for differences in color and lean 
maturity are not clear. 
Fatty acid profile of muscle tissue from pasture-fed vs. grain-fed cattle 
 Changes in fatty acid profile occur in beef cattle going from a grass system to a 
feedlot system because of differences in the fatty acid profile of the diet itself as well as 
changes in the rumen microbial environment.  Forages have higher concentrations of 
unsaturated fatty acids while concentrate-based diets have more saturated fatty acids.  
Certain unsaturated fatty acids, namely conjugate linoleic acid (CLA; C18:2 cis-9, trans-
11), have been noted to have health benefits for humans, including the benefits of being 
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anti-carcinogenic, anti-inflammatory, and anti-atherogenic (Bhattacharya et al., 2006; Ip 
et al., 1994).  Also, Ip et al. (1994) reported that the amount of CLA consumed in the 
human diet through meat and milk may be enough to be an effective anticarcinogen.  
CLA and trans-vaccenic acid (C18:1 trans-11) are products of fatty acid metabolism in 
the rumen.  In cattle, trans-vaccenic acid is important to the formation of CLA in tissues 
because it can be absorbed from the rumen and then is a substrate for the ∆9-desaturase, 
resulting in CLA (Nicastro, F., 2004).   
Researchers have found that as days on feed increased, changes in the fatty profile 
occurred (Larick and Turner, 1990; Duckett et al., 1993).  Forages have higher 
concentrations of α-linolenic acid (C18:3n3), but grains have more linoleic acid (C18:2; 
Nicastro, F., 2004).  Grazing cattle have shown decreased ether extract percentages 
(9.7%) according to proximate analysis of the 9-10-11 rib section when compared with 
cattle fed in drylot prior to harvest (11.3%; Schaake et al., 1993).  Heifers fed a corn and 
corn silage-based diet for 54 d after grazing exhibited greater concentrations of 
phosphatidylcholine + lysophosphatidylethanolamine and lysophosphatidylcholine 
compared with heifers harvested immediately after grazing (Larick and Turner, 1990).  
French et al. (2000) reported muscle tissue from steers fed a grass only diet had greater 
concentrations of polyunsaturated fatty acids, omega-3 fatty acids, and conjugated 
linoleic acid, along with lesser concentrations of saturated fatty acids than did steers fed 
increasing amounts of concentrate.  Feeding forage-based diets increased C18:0, C18:2n-
6, C18:3n-3, and CLA in muscle when compared with concentrate-based diets (Griswold 
et al., 2003).  Steers on a high concentrate diet had decreased percentages of LM linoleic 
(C18:2), arachidonic (C20:4), and palmitic (C18:0) acid and an increased percentage of 
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oleic (C18:1) acid as days on feed increased (Duckett et al., 1993).  Noci et al. (2005) 
reported that intramuscular fat had higher concentrations of CLA when the time grazing 
prior to slaughter increased.  Furthermore, the polyunsaturated fatty acid (PUFA) and 
CLA content of the subcutaneous adipose tissue increased with increasing time grazing 
prior to harvest as well (Noci et al., 2005).  Interestingly, tissue ∆9-desaturase activity, 
which causes formation of the cis-9,trans-11 isomer of CLA from C18:1 trans-11, was 
not different between forage and concentrate-fed cattle, indicating that either increased 
formation of C18:1 trans-11 in the rumen of forage-fed cattle caused of increased tissue 
deposition of CLA or that increased absorption of CLA led to increased deposition in the 
tissues (Noci et al., 2005).  It is important to note that a change in the percentage of CLA 
must be taken in context with the total lipid fraction in order to calculate CLA available 
for human consumption (Mir et al., 2004).  Nicastro (2004) reported that muscle fiber 
type can affect fatty acid composition as muscles consisting primarily of oxidative-type 
fibers have greater proportions of phospholipids, and hence PUFA, than muscles 
primarily glycolytic in nature. 
Distillers’ grains supplementation 
 In the Midwest United States, the availability of distillers’ grains co-products 
from the ethanol industry is increasing.  Dried or wet distillers’ grains provide a high 
protein, high fiber feed source without the highly fermentable starches, which can aid in 
limiting acidosis, making it a near ideal feed.  The limiting factors for feeding distillers’ 
grains to ruminants are generally either sulfur or fat content, though the high fat content 
has led energy values to be estimated at 100% or more of the energy value of corn 
(Klopfenstein, 1996; Larson et al., 1993).  Levels of distillers’ grains in cattle diets have 
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been evaluated at up to 40 or 50% on a DMB (dry matter basis); however, non-scientific 
reports seem to suggest that sulfur content should be monitored because of the possibility 
of induced polioencephalomalacia when the dietary sulfur content is greater than 0.4% of 
the diet DM, which is the upper limit recommended by the NRC (2000). 
 Distillers’ grains can have an impact on some carcass and meat quality attributes.  
Distillers’ grains have been documented to have no detrimental effect on tenderness or 
WBSF (Roeber et al., 2005; Koger et al., 2004).  Roeber et al. (2005) reported that 
feeding strategies including distillers’ grains at up to 50% of diet DM did not have any 
consumer detectable impacts on sensory traits.  However, shelf-life may be slightly 
reduced by feeding wet or dry distillers’ grains at concentrations above 40% of the diet 
(Roeber et al., 2005).  Koger et al. (2004) reported that feeding wet or dry distillers’ 
grains in a feedlot diet resulted in increased concentration of PUFA in meat compared 
with a diet containing no distillers’ grains.  In addition, feeding distillers’ grains at 40% 
of the diet resulted in marbling scores that were significantly lower than scores of steers 
fed distillers’ grains at 20% of the diet (Koger et al., 2004).  Furthermore, inclusion of 
wet or dry distillers’ grains at 20% or 40% of the diet resulted in increased fat thickness 
at the 12th rib and increased yield grades when compared with carcass data collected from 
steers receiving control diets (Koger et al., 2004). 
Recent research has investigated the use of distillers’ grains in a pasture-finishing 
system.  Honeyman et al. (2006) reported that yearling steers finished on grass pasture 
and supplemented with a pelleted product of distillers grains, soy hulls, and wheat midds 
in a self-feeder throughout the duration of grazing gained more (1.14 kg/d) when 
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compared with steers supplemented only through the later part of the grazing season 
(0.99 kg/d).   
Donaldson et al. (1991) reported that escape protein (EP) provided by fish meal 
and dried distillers’ grains with solubles (DDGS) fed to abomasally cannulated steers 
grazing winter annuals led to increased total tract DM digestibility.  Furthermore, total 
DMI and forage DMI increased as the amount of EP in the diet increased (Donaldson et 
al., 1991).  When post-ruminal protein availability is increased by supplementing EP, 
performance of steers grazing high quality forage was found to be improved, as was the 
total tract crude protein (CP) digestion (Donaldson et al., 1991).  McCann et al. (1991) 
found steers grazing wheat and annual ryegrass pasture had increased ADG when 
supplemented with a high escape protein (HEP) supplement containing dried distillers’ 
grains with solubles (1.61 kg/d) compared with those supplemented with corn (1.47 
kg/d).  However, steers receiving the HEP supplement while on pasture exhibited poorer 
ADG (1.44 kg/d) in the feedlot after being removed from the pasture when compared 
with the corn supplemented steers (1.59 kg/d; McCann et al., 1991).   Mateo et al. (2004) 
investigated the effects of feeding 20 or 40% wet distillers grains (WDGS) or DDGS in 
beef finishing diets on efficiency and carcass characteristics.  Results indicated that steers 
receiving WDGS were better feed converters than steers receiving DDGS and also that 
steers receiving 40% WDGS or DDGS had more favorable G:F than steers receiving 20% 
WDGS or DDGS (Mateo et al., 2004).  Furthermore, steers receiving distillers’ grains in 
their diet had increased 12th rib fat when compared with steers fed the control diet, which 
subsequently increased final yield grade (Mateo et al., 2004).  Marbling scores were 
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increased in steers receiving 20% distillers’ grains versus those receiving 40% distillers’ 
grains (Mateo et al., 2004). 
Summary 
Beef tenderness is a major concern of the beef industry and consumers alike.  
Investigation of dietary manipulations that improved beef tenderness could provide a 
solution to this concern.  Consumers are also concerned about healthfulness, and grass-
fed beef may provide a product that is more attractive for human health than traditional 
feedlot-finished cattle.  Additionally, supplementing cattle grazing pasture with distillers’ 
grains may provide producers the opportunity to make use of a readily available feedstuff 
and limit the number of days on feed, which could increase profitability.  Therefore, the 
objective of this research is to investigate a novel approach to improving tenderness of 
beef steaks from steers fed either a conventional feedlot or pasture-based diet. 
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ABSTRACT 
British breed beef steers (n = 48; 370 kg) were assigned to pasture or feedlot diets 
and one of two doses of 25-hydroxyvitamin D3 (25-OH D3; 0 or 500 mg) to evaluate the 
effects of 25-OH D3 on performance, carcass traits, beef tenderness and beef color.  All 
steers were implanted with a combination trenbolone acetate/estradiol implant prior to 
diet initiation.  Pasture-finished cattle received 6.8 kg/hd per day of a pelleted diet 
containing dried distillers’ grains, wheat middlings, and soy hulls while continuously 
grazing predominantly bromegrass pasture.  The feedlot diet contained 10% wet 
distillers’ grains in addition to corn, corn silage, and chopped hay.  Steers from both diets 
also received monensin. Steers were harvested after 112, 133, or 154 d on feed (DOF) to 
minimize 12th rib fat differences.  Twelve steers from each dietary treatment received 25-
OH D3 boluses orally 7 d prior to assigned harvest date.  Longissimus, 
semimembranosus, and gracilis muscles were collected, cut into steaks, aged 3, 7, or 14 
d, and evaluated for Warner-Bratzler shear force (WBSF).  Calpastatin activity, vitamin 
and mineral content were analyzed on steaks aged 3 d postmortem.  At harvest, feedlot 
steers were heavier (P = 0.0370; 584 kg; 132 DOF) than pasture-fed steers (563 kg; 130 
DOF) and had greater ADG (P < 0.0001; 1.74 vs. 1.51 kg/d).  Pasture-fed steers had less 
12th rib fat (P < 0.0001; 6.1 vs 8.7 mm) and kidney, pelvic, and heart fat (P = 0.0108; 
1.64 vs. 1.83%); however, neither diet nor 25-OH D3 affected final yield grade (P = 
0.1014).  In addition, pasture-finished steers had lower (P = 0.0141) marbling scores than 
did feedlot steers (Slight45 vs. Slight90).  Calpastatin activity on d 3 postmortem differed 
by muscle (P < 0.0001) with the gracilis having the greatest activity followed by the 
longissimus and semimembranosus (2.65, 2.08, and 1.82 units of activity/g tissue, 
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respectively) but was not affected by 25-OH D3 or diet. WBSF decreased with increased 
aging times for the longissimus and gracilis, whereas the semimembranosus was most 
tender on d 7.  Neither 25-OH D3 nor diet affected WBSF.  Whereas 25-OH D3 
supplementation increased plasma calcium in treated steers at harvest, muscle calcium 
concentrations were not increased, and thus increased calpain activity was not achieved.  
Nonetheless, data indicate it is possible to finish steers on pasture by supplementing with 
distillers’ co-products without substantially increasing time needed to reach market 
weights when compared with feedlot finishing.   
KEYWORDS: Beef, distillers’ grains, pasture-finished, tenderness 
INTRODUCTION 
 
 Beef tenderness is a highly valued trait by consumers.  It has been estimated that 
the primary palatability trait that the majority of consumers want from a steak is 
tenderness (Miller et al., 2001).  And, consumers are willing to pay a premium for 
guaranteed tender product (Boleman et al., 1997).  Considerable variation in tenderness 
and inadequate tenderness, however, are top concerns in the beef industry (NCBA, 2000; 
Brooks et al., 2000).  In addition, pasture-finished cattle have been reported to yield 
tougher steaks than feedlot-finished cattle (Harrison et al. 1978, Bowling et al. 1977; 
Kerth et al., 2007).   
 Beef tenderness increases during the course of aging, and this tenderization is 
largely attributable to the calpain system of proteolysis (Koohmaraie, 1996).  In the 
calpain system, calcium is required by the calpains for activation.  By increasing calcium 
content of tissue, it may be possible to increase proteolysis or prolong proteolytic 
activity, resulting in a more tender beef product. 
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 One method that has been investigated to improve beef tenderness is the use of 
vitamin D3 or its metabolites, which increase calcium absorption from the small intestine, 
effectively increasing plasma calcium concentrations (Foote et al., 2004; Wertz et al., 
2004; Montgomery et al., 2000; Swanek et al., 1999; Karges et al., 2001; Cho et al., 
2006; Carnagey et al., 2006).  Supplementation has previously been primarily with 
supranutritional vitamin D3.  The resulting tissue vitamin D3 concentrations, however, 
can be such that the possibility of hypervitaminosis D exists from human consumption of 
as little as 125 g of meat.  Supplementation with 25-OH D3 alleviates this issue.  In 
addition, these studies have mainly focused on feedlot-finished steers, and, given that 
interest in grass-finished beef is growing and that pasture-finished cattle have been found 
to yield less tender product than grain-finished cattle, the objective of our research was to 
evaluate the use of 25-OH D3 supplementation on post-mortem proteolysis and beef 
tenderness in pasture-finished cattle as compared with feedlot-finished beef steers. 
MATERIALS AND METHODS 
 
Animals and experimental treatments 
All procedures involving animals were approved by the Institutional Animal Care 
and Use Committee at Iowa State University (approval # 5-06-6142-B). 
British breed beef steers (n = 48; 370 ± 23-kg) were assigned randomly to one of 
four treatments.  Treatment design was a 2 x 2 factorial treatment structure with two 
feeding regimens (feedlot or pasture-fed) and two concentrations of 25-OH D3 (0 or 500-
mg 25-hydroxyvitamin D3) administered via oral bolus at 7 d prior to harvest.  Steers 
were assigned to harvest date according to ultrasound 12th rib fat thickness and harvest 
date was used as a blocking factor. 
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Table 1.  Composition of diet fed to feedlot steers. 
Feed Ingredient % of diet, DMB 
Dry rolled corn 72.965% 
Wet distillers’ grain 10.000% 
Corn silage 9.955% 
Ground hay – brome 2.500% 
Urea 1.474% 
Potassium chloride 0.966% 
Limestone 0.966% 
Salt 0.300% 
Vitamin A 0.080% 
Trace mineral premixa 0.024% 
Rumensin 80b 0.020% 
Molasses 0.750% 
Total 100.000% 
a11.8 to 14.2% Ca (calcium carbonate); >1.5% Cu (copper sulfate); >10.0% Fe 
(ferrous carbonate and ferrous sulfate); >8.0% Mn (manganous oxide); 12.0% Zn 
(zinc oxide); 1000 ppm Co (cobalt carbonate); and 2000 ppm I (ethylenediamine 
dihydroiodide). 
bProvided 35.2 mg/kg (DM basis) of monensin (Elanco Animal Health, Indianapolis, 
IN). 
 
Table 2.  Composition and calculated analysis of a by-product feed mix. 
Composition % (DMB) 
Dried distillers’ grains with solubles 50.0 
Soy hulls 25.0 
Wheat midds 20.9 
Molasses 2.5 
Calcium carbonate 1.6 
Total 100.0 
  
Calculated Analysis % 
Dry matter, % 90.1 
Crude protein, % (DMB) 21.8 
Calcium, % (DMB) 0.94 
Phosphorus, % (DMB) 0.67 
NE m 0.91 
NE g 0.61 
TDN, % (DMB) 85.9 
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At initiation of the study, steers were implanted with Component TE-S (120 mg 
trenbolone acetate, 24 mg estradiol, and 29 mg tylosin tartrate as a local antibacterial; 
VetLife by Ivy Laboratories, Overland Park, KS 66214) on d 0 of the study.  Twenty-four 
(n = 24) of the steers were placed at the Iowa State University Beef Nutrition Farm and 
fed a finishing ration (Table 1) delivered once daily at 0800 h.  Steers were housed in an 
outside lot with a windbreak. 
Table 3.  Mineral/vitamin block analysis. 
Ingredient Content (air dry basis) 
Monensin (as monensin sodium) 880 mg/kg 
Calcium (min-max) 4.70-5.70% 
Phosphorus (min) 4.00% 
Salt (min-max) 16.60-19.90% 
Magnesium (min) 0.20% 
Potassium (min) 1.50% 
Iodine (min) 140 ppm 
Copper (min) 1000 ppm 
Selenium (min) 13.3 ppm 
Zinc (min) 4000 ppm 
Vitamin A (min) 220,000 IU/kg 
Vitamin D3 (min) 55,000 IU/kg 
Vitamin E (min) 55 IU/kg 
 
The remaining steers (n = 24) continuously grazed 9.7 ha of mixed grass pasture 
(primarily bromegrass) at the Iowa State University Western Research and 
Demonstration Farm, Castana, IA and were supplemented with a pelleted product 
composed of distillers’ grains, wheat middlings, and soy hulls (Table 2) at the initial rate 
of 4.5 kg/d per steer, fed once daily at 0700 h.  Nitrogen fertilizer had been applied to the 
pasture in the spring prior to grazing.  Steers were also offered a free choice 
mineral/vitamin block that supplied 80-200 mg monensin/d per steer when consumed at a 
rate of 0.9-0.23 kg/d (Table 3; Sweetlix Livestock Supplement System, Mankato, MN 
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56002).  Because of dry weather and decreased pasture availability, the supplement was 
increased to 6.8 kg/d per steer after 60 d for the remainder of the study. 
Ultrasound monitoring 
Steers were weighed and monitored for 12th rib fat thickness (FT) every 21 d 
beginning June 21 by ultrasound with an Aloka SSD-500V with a 3.5-MHz, 17-cm 
transducer (Corometrics Medical Systems, Wallingford, CT).  A trained individual 
scanned the cattle between the 12th and 13th ribs and evaluated the images.  Prior to 
scanning, steers were clipped over the 11th, 12th, and 13th ribs and vegetable oil was 
applied as a couplant for the transducer and standoff guide.   
Blood sample, carcass data and meat sample collection 
After 90 d on the respective feeding regimens, ultrasound image evaluation 
indicated that a number of steers were nearing 1 cm of 12th rib fat.  At this time, steers 
were designated to one of three harvest dates after 112, 133, and 154 d on feed based on 
ultrasound 12th rib fat thickness.  On d 7 prior to harvest, treatment steers received 
boluses to deliver a total of 500 mg of 25-hydroxyvitamin D3 (ROVIMIX® Hy·D® 1.25% 
(1.25% 25-hydroxyvitamin D3), DSM Nutritional Products, Ames, IA).  Control steers 
received a similar number of boluses of cornstarch.  Blood samples were collected from 
all steers designated for harvest by jugular venipuncture into 10-mL sodium heparinized 
BD Vacutainer™ (Becton Dickinson, Franklin Lakes, NJ 07417-1885) tubes using a 
Vacutainer® blood collection needle (20G 1 ½ in.; Becton Dickinson, Franklin Lakes, NJ 
07417-1885) on d 7 prior to harvest as well.  Blood samples were kept on ice and 
transferred to the laboratory and centrifuged at 2200 x g for 20 min to separate the plasma 
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from the red blood cells.  Plasma was stored at -20°C until subsequent analysis of plasma 
metabolites. 
Steers were transported to a commercial facility for harvest.  On the day of 
harvest, blood samples were collected at exsanguination to determine if plasma calcium, 
magnesium, and 25-hydroxyvitamin D3 were increased as a result of treatment.  Samples 
were handled as previously described.  At 48 hr post-mortem, carcass data including 12th 
rib fat thickness, ribeye area (REA), hot carcass weight (HCW), kidney, pelvic and heart 
fat percentage (KPH) were recorded, and marbling score was evaluated by a USDA 
grader.  The 12th rib fat thickness was measured and the preliminary yield grade was 
adjusted according to total carcass fatness and then used for final yield grade calculation. 
In addition, the strip loin (IMPS 180; longissimus muscle-LM) and the inside round 
(IMPS 168; semimembranosus-SM and gracilis-GR) from each carcass were identified 
individually and collected for further analyses on d 2 post-harvest.  After transport to the 
Iowa State University Meats Laboratory, the LM, SM, and GR were dissected and cut 
into seven 2.54-cm steaks.  The steaks from each muscle were assigned randomly to 
WBSF (3, 7, or 14 d aging) and biochemical analysis (3, 7, or 14 d aging).   Samples 
were wet-aged in vacuum-packaged bags in dark conditions at 4°C and then frozen at -
20°C after the designated aging period until further analysis.   
Plasma and muscle calcium 
 A wet ashing procedure was used for muscle calcium extraction.  All glassware 
was washed with 2 N HCl before use.  Briefly, 3 g of sample was weighed (in duplicate) 
into an acid-washed beaker and 10 mL of concentrated nitric acid (12 N) were added to 
the beakers, covered with watchglasses, and allowed to sit overnight.  The next morning, 
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3 mL of concentrated H2SO4 (36 N) were added to the samples and then heated on hot 
plates for 1 h at low heat.  The heat then was increased to medium-high heat and 5 mL of 
HNO3 were added as samples turned black.  When white fumes began to evolve, heat was 
turned to high and the samples were evaporated to approximately 2-3 mL.  After cooling, 
samples were then standardized to 25-mL in volumetric flasks with distilled, deionized 
water for evaluation by atomic absorption.  Plasma samples were prepared (in duplicate) 
by diluting 100 µL of plasma in 5 mL of 0.1% (wt/vol) La2O3 solution.  Samples were 
analyzed on an AAnalyst 200 atomic absorption spectrophotometer at 422.67 nm (Perkin-
Elmer, Waltham, Massachusetts 02451 USA) by using a standard curve calibrated for 0, 
5, 10, and 15 mg/dL of CaCl2. 
Plasma and muscle vitamins  
 Plasma 25-hydroxyvitamin D3 was quantified by radioimmunoassay (RIA).  
Plasma 25-hydroxyvitamin D3 was extracted with acetonitrile and quantified by RIA 
using I125 as the tracer (Hollis et al., 1993).   
Muscle 25-hydroxyvitamind D3 concentrations were quantified by using a series 
of extractions, HPLC, and RIA according to the procedures of Horst et al. (1981).  
Muscle tissue was prepared for analysis by homogenizing 1 g of wet tissue in 5 mL of 
PBS (80 mM Na2HPO4, 25 mM NaH2PO4, 100 mM NaCl) with a Polytron homogenizer 
(Brinkmann Instruments, Westbury, NY).  Approximately 1,000 counts/min of 
radiolabeled [3H]-25-hydroxyvitamin D3 (Amersham Life Sciences, Arlington Heights, 
IL) were added to the homogenate for use in establishing recovery estimates.  Methanol 
and chloroform were used to extract muscle lipids, the extracted volumes were dried 
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under vacuum using a Savant SpeedVac concentrator (Thermo Electron Corp., Milford, 
MA), and the residue was suspended in 1 mL of hexane. 
The 25-hydroxyvitamin D3 was fractionated from this extract by solid-phase 
chromatography with Varian LRC 500-mg silica cartridges (Varian, Harbor City, CA).  
Samples were applied to the cartridge followed by washes with 8 mL of hexane and 9 mL 
of hexane:isopropanol (99:1).  The 25-hydroxyvitamin D3 was eluted from the column by 
using 8 mL of hexane:isopropanol (95:5) and then dried under vacuum (Savant SpeedVac 
concentrator).  The residue was re-suspended in 150 uL of running solvent 
(hexane:methylene chloride:isopropanol; 88:10:2; v:v:v) for HPLC purification.  This 
suspension was injected onto a Dupont Zorbax NH2 4.6 x 250-mm HPLC column (Mac-
Mod Analytical, Chads Ford, CA).  The running solvent transgressed the column at 2 
mL/min, and the purified 25-hydroxyvitamin D3 fraction collection was based on the 
elution time for the 25-hydroxyvitamin D3 standard in hexane:methylene 
chloride:isopropanol (88:10:2).  The concentration of 25-hydroxyvitamin D3 was 
quantified by using an RIA as described by Hollis et al. (1993).   
 Plasma and muscle β-carotene, retinol, and α-tocopherol concentrations were 
determined by UV light absorption following separation by liquid chromatography and 
HPLC (Horst et al., 1995a, 1995b).  Again, muscle tissue was prepared for analysis by 
homogenizing 1 g of wet tissue in 5 mL of PBS, and 1 mL of this solution was used for 
analysis.   
Calpastatin activity 
A fresh 10-g sample on d 3 postmortem from each muscle from each animal was 
collected for calpastatin analysis.  The 10 g of sample was homogenized with 30 mL of 
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ice-cold post rigor extraction buffer (100 mM Tris, 10 mM EDTA, pH 8.3) with 100 
mg/L ovomucoid and 2 mM phenylmethylsulphonylfluoride (PMSF) added just before 
homogenization.  Samples were homogenized with a Polytron homogenizer (PT3100; 
Littau, Switzerland) for 30 sec, allowed to “rest” for 30 seconds, and the cycle repeated 
for a total of 3 homogenizations.  Samples then were centrifuged for 30 min at 2,000 x g.  
Samples were then transferred to a 50-mL conical tube until all samples were prepared 
for dialysis.  Samples were dialyzed overnight against 40 mM Tris and 1 mM EDTA, 
transferred to a 50-mL conical tube, placed in a 95°C water bath for 10 min, and then 
cooled in an ice bath for 15 min.  While cooling, each tube was agitated to prevent 
protein coagulation.  Samples were transferred to 40-mL centrifuge tubes, centrifuged for 
30 min at 2,000 x g and the supernatant filtered through cheesecloth into a 50-mL conical 
tube.  Volumes were recorded and samples stored at 4°C until analysis, which was no 
longer than 7 d.  Sample aliquots were added to a 12-mL glass test tube, volume was 
brought to 1 mL with 40 mM Tris and 1 mM EDTA, 50 µl of purified porcine lung µ-
calpain was added, and 1 mL of casein assay media (100 mM Tris, 1 mM NaN3, 7 mg/ml 
casein (Hammarsten), 10 mM mercaptoethanol; pH 7.5) was added to each tube.  CaCl2 
(100 µl of 200 mM) was added to sample tubes.  EDTA (100 µl of 200 mM) was added 
to negative control tubes.  Samples were vortexed, incubated for 1 hr in a 25°C water 
bath, and centrifuged at 2000 x g, and then absorbance was determined with a 
spectrophotometer (Ultrospec 3000 UV/Visible Spectrophotometer; Pharmacia Biotech; 
Buckinghamshire, England) at 275 nm.  Data were recorded as units of activity/g of 
tissue where one unit of calpastatin activity was defined as the ability to inhibit one unit 
of porcine lung u-calpain (Koohmaraie, 1990). 
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Warner-Bratzler shear force 
 Warner Bratzler shear force was measured by using an Instron Universal 
Testing Machine (Instron Corp, Canton, MA) Model 4502 with a Warner-Bratzler Shear 
Force attachment.  Steaks (2.54-cm thick) were cooked to 71°C and allowed to cool to 
room temperature.  Four cores (1 cm in diameter) were removed from each steak parallel 
to the length of the muscle fibers.  Each core was sheared one time through the center of 
each core.  A 10 kN load cell was used on the Instron with a crosshead speed of 200 
mm/min.  The average of the sheared cores was used for statistical analysis. 
Whole muscle protein extractions 
 To prepare samples for analysis of calpain autolysis and troponin-T degradation, 
whole muscle protein extractions were conducted.  First, 0.4 g of tissue (3 d postmortem) 
was homogenized with 10 mL of whole muscle extraction buffer (10 mM Sodium 
phosphate, pH 7.0 and 2% sodium dodecyl sulfate) in a 50 mL glass extraction tube by 
using a Polytron homogenizer (RZR1; Heidolph, Germany).  The homogenate was 
transferred to a 15 mL conical tube and then placed in a centrifuge at 1500 x g for 15 min 
at 25°C.  After centrifugation, sample and distilled, deionized water were added to 
duplicate 1.5-mL snap-top tubes in a 1:20 ratio and vortexed.  In microtiter plates, 5 µl of 
the 1:20 dilution, 25 µl of Reagent A and S combination (BioRad DC protein assay), and 
200 µl Reagent B were added to each well.  Samples were run in duplicate and after 15 
min, plates were read on a microplate reader (Thermo-Max microplate reader; Molecular 
Devices; Sunnyvale, CA).  Protein concentrations then were diluted with water to 6.4 
mg/mL and then 50% (vol/vol) of buffer tracking dye solution (3 mM EDTA, 3% 
[wt/vol] SDS, 20% [vol/vol] glyercol, 0.003% [wt/vol] pyronin-Y, and 30 mM Tris-HCl, 
55 
 
pH 8.0) (Wang, 1982) and 10% (vol/vol) of β-mercaptoethanol were added for a final 
protein concentration of 4.0 mg/mL .  Gel samples were heated at 50°C for 10 min and 
then frozen at -80°C until further analysis.   
SDS polyacrylamide gel electrophoresis and Western blotting 
 The troponin-T degradation and calpain autolysis were evaluated via SDS-
PAGE and Western blotting to determine the extent of protein degradation and calpain 
activity in steaks aged 3, 7, or 14 d postmortem.  Polyacrylamide gel electrophoresis was 
used to separate protein degradation products.  Polyacrylamide gels (acrylamide:N,N’-
bis-methylene acrylamide = 100:1 [wt/wt], 0.1% [wt/vol] SDS, 0.05% [vol/vol] 
N’N’N’N’-tetramethylethylenediamine (TEMED), 0.05% [wt/vol] ammonium persulfate, 
and 0.375 M Tris-HCl,  pH 8.8) were used for determination of troponin-T degradation 
and µ-calpain autolysis (12% and 8%, respectively).  A 5% stacking gel 
(acrylamide:N,N’-bis-methylene acrylamide = 100:1 [wt/wt], 0.1% [wt/vol] SDS, 
0.125% [vol/vol] TEMED, 0.075% [wt/vol] ammonium persulfate, and 0.125 M Tris-
HCl, pH 6.8) was used both troponin-T and calpain autolysis determination.  Gels were 
run on SE 280 Hoefer Mighty Small II electrophoresis units.  The running buffer 
consisted of 25 mM Tris, 192 mM glycine, 0.1% SDS (wt/vol), and 0.2 mM EDTA.    
Gels were loaded with 40 µg of sample protein, 40 µg of an internal reference sample 
(beef longissimus muscle aged 14 d) for developing band density ratios, and 5 µL of a 
molecular weight marker to determine protein migration through the gel and the gels 
were run for 3 h at 120 V.  After 3 h, the protein was transferred to a polyvinylidene 
difluoride (PVDF) membrane using a TE22 Mighty Small Transphor electrophoresis unit 
(Hoefer Scientific Instruments) at a constant voltage of 90 V for 90 min.  The transfer 
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buffer consisted of 25 mM Tris, 192 mM glycine, and 15% methanol (vol:vol).  A 
refrigerated circulating ethylene glycol/water bath (Ecoline RE106; Lauda Brinkmann, 
Westbury, NY) was used to maintain the temperature of the transfer buffer between 4 and 
8°C.  After transfer, membranes were blocked using PBS-Tween (80 mM Na2HPO4, 25 
mM NaH2PO4, 100 mM NaCl, and 0.1% (vol:vol) polyoxyethylene sorbitan monolaurate 
[Tween-20]) and 5% non-fat dry milk (wt/vol) for 90 min.  Primary antibodies were 
mouse monoclonal anti-troponin-T (1:80,000 diluted in PBS-Tween; JLT-12, Sigma, St. 
Louis, MO) and mouse monoclonal anti-µ-calpain (1:5,000 diluted in PBS-Tween; 
9A4H8D3, Affinity BioReagents; Golden, CO).  Blots were incubated overnight with the 
primary antibodies at 4°C.  The blots were then washed 3 times with PBS-Tween at 10 
min per wash.  The secondary antibody used was goat-anti-mouse-HRP (1:20,000 for 
troponin-T and 1:10,000 for calpain autolysis; Sigma, St. Louis, MO). The ECL-Plus 
Chemiluminescent system (Amersham Biosciences, GE Healthcare; Piscataway, NJ) was 
used to detect troponin-T and its 30-kD degradation product as well as calpain autolysis 
products.  Membranes were visualized by using a 16-bit megapixel charge-coupled 
device camera (Fluor-Chem8800; Alpha Innotech Corp., San Leandro, CA) and 
FluorChem IS-800 software (Version 3; Alpha Innotech Corp.).  The band density ratios 
of the 30-kD degradation product of troponin-T in each sample relative to the internal 
standard were calculated.  The percentages of calpain of molecular weights 80, 78, and 
76 kD within each sample were evaluated. 
Statistical analysis 
Statistical analysis was conducted using the MIXED procedure of SAS (SAS Inst. 
Inc., Cary, NC).  Data for gain and carcass characteristics were analyzed as a 2 x 2 
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factorial consisting of diet (pasture or feedlot) and 25-OH D3 (0 or 500 mg).    Steer 
served as the experimental unit for gain and carcass characteristics and plasma Ca, Mg, 
and 25-OH D3.  Included in the model for gain and carcass characteristics were diet, 25-
OH D3, and their interactions.  Harvest date was treated as a random variable.  Remaining 
data including muscle as a factor were analyzed as a split plot design with a 2 x 2 
factorial treatment assignment for the whole plot.  Results for calpastatin, calpain, 
troponin-T degradation, muscle 25-OH D3, and Ca, and fatty acids were analyzed as a 
split plot where steer served as the whole plot and muscle was the sub plot.  Harvest date 
was treated as a random variable as was steer(harvest date*25-OH D3*diet).  The model 
for plasma 25-OH D3, Mg, Ca and retinol included diet, 25-OH D3, and time relative to 
harvest along with all interactions.  The model for calpastatin, calpain, troponin-T 
degradation, and muscle 25-OH D3, Mg, Ca, retinol, α-tocopherol, and β-carotene 
included diet, 25-OH D3, and muscle along with all interactions, whereas WBSF, 
instrumental color, troponin-T, and calpain autolysis additionally included aging period 
and all interactions in the model.  Least squares means were computed for all main and 
interaction effects.  When interactions were not significant, main effects are reported.  
Means were separated using pair-wise t-tests (PDIFF option of SAS) if necessary.  P-
values of less than 0.05 were considered significant.   
RESULTS AND DISCUSSION 
Weight and average daily gain 
Steers had similar weights (P = 0.08) upon assignment to dietary treatment.  
Feedlot steers weighed 366 ±13 kg and pasture steers weighed 375 ±13 kg.  The end 
weight of steers at their respective harvest dates differed (P = 0.0366) as feedlot steers 
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weighed 584 ± 12 kg and pasture-finished steers weighed 563 ± 12 kg.  This resulted in 
significantly higher ADG (P = 0.0002) for the feedlot-finished steers (1.745 kg/d) than 
the pasture-finished steers (1.510 kg/d).  These results are in general agreement with the 
results of Mandell et al. (1998) that grain-feeding increased ADG of steers when 
compared with forage-fed steers after a similar number of days on feed. 
Despite the finding that supplemented pasture-finished steers had lower ADG 
than feedlot-finished steers, the ADG achieved by the pasture-finished steers was very 
favorable.  This illustrates the basis behind supplying protein to cattle grazing low quality 
forage, as nitrogen supplied to the microbial population can enhance the growth of fiber-
digesting bacteria and allows the animal to better utilize the forage.  The steers in this 
study had greater ADG than did steers fed a similar product from a self-feeder 
(Honeyman et al., 2006).  Limit feeding steers in this study was conducted to ensure 
some amount of forage consumption but had the apparent effect of increasing ADG.  
Carcass characteristics 
Pasture-finished cattle had significantly less 12th rib fat and kidney, pelvic, and 
heart fat than did feedlot finished cattle (Table 4).  Ideally, carcasses from both diets 
would have been similar in fat thickness, but because of deteriorating forage conditions 
toward the end of the study, steers were harvested to maintain pasture condition, limit the 
number of harvest dates, and make certain all treatments were represented on each 
harvest date.  Pasture-finished steers also had lower (P = 0.0142) marbling scores (345) 
than feedlot-finished steers (390).  These marbling scores correspond to Low Select (300-
349) and High Select (350-399), respectively.  This finding is in agreement with data 
previously reported that grain-fed cattle had higher USDA quality grades than pasture-fed 
59 
 
cattle (Bowling et al., 1978; Crouse et al., 1984; Schaake et al, 1993).  Carcasses in this 
study exhibited exceptionally low amounts of kidney, pelvic, and heart fat.  Although 
pasture-finished cattle had less kidney, pelvic, and heart fat and less 12th rib fat, no 
statistical difference was evident in the final yield grade.   
Table 4.  Carcass characteristics of pasture-finished vs. feedlot-finished steers. 
Carcass Characteristic Feedlot Pasture SEM P-value 
Hot carcass weight, kg 349 343 6.7 0.32 
LM area, cm2 87.5 84.7 2.8 0.17 
Fat thickness, mm 8.7 6.1 0.84 < 0.0001 
Kidney, pelvic and heart fat, % 1.83 1.64 0.06 0.011 
Yield grade 2.4 2.2 0.2 0.10 
Marbling score a 390 345 31 0.014 
a Marbling score where 300 = Slight 00, 400 = Small 00, 500 = Modest 00. 
 
Carcass data comparing the carcass traits of pasture- and feedlot-finished steers 
are included in Table 4.  Steers supplemented with 500 mg of 25-OH D3 had more (P = 
0.0289) kidney, pelvic, and heart fat (KPH; 1.82%) than did non-supplemented controls 
(1.66%; SEM 0.06).  This was the only carcass trait affected by 25-OH D3 and may be 
attributable to error or to the fact that KPH is estimated to the nearest 0.5%.  Nonetheless, 
we cannot completely exclude the possibility that supplementation of 25-OH D3 prior to 
harvest could impact lipid transport and deposition as vitamin D receptors are found in a 
wide variety of tissues, including adipose tissue, and have a multitude of actions (for 
review see Norman, 2006).  
Plasma calcium and magnesium 
 Steers receiving 500 mg of 25-OH D3 had greater concentrations of plasma 
calcium on the d of harvest than before treatment (P = 0.0025; Figure 1).  This result was 
expected as supplementation with 25-OH D3 was expected to increase calcium absorption 
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from the small intestine and effectively raise plasma calcium concentrations.  This 
observation is in agreement with data reported by Foote et al. (2004), Cho et al. (2006), 
and Wertz et al. (2004) as treatment with 25-OH D3 in those studies resulted in an 
increase in plasma calcium.  The control animals in the study by Foote et al. (2004), 
however, had slightly higher baseline calcium values than in the present study and, as 
such, the increase in plasma calcium did not achieve a similar peak concentration of over 
12 mg/dL. 
 
Figure 1.  Plasma calcium concentrations of steers supplemented with 0 or 500 mg of 25-
hydroxyvitamin D3 at 7 d prior to harvest and on d of harvest.   
 
Plasma magnesium concentrations were impacted by the interactions of 25-OH D3 
* time as well as diet * time (Table 5).  Steers receiving 25-OH D3 treatment had 
decreased plasma magnesium on the d of harvest compared with controls (P = 0.0410).  
The possibility exists that the decrease in plasma magnesium is attributable to the steers 
responding to increased plasma calcium by decreasing the release of all minerals from 
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bone.  Pasture-fed steers had greater concentrations of plasma magnesium on the d of 
harvest compared with 7 d prior to harvest (P = 0.0092) and also greater concentrations 
than feedlot steers on the d of harvest (P = 0.0409).  Though the reasons for these 
differences are not clear, it may be related to diet as distillers’ grains have greater Mg 
content than corn (NRC, 2000) and distillers’ grains were a relatively large component of 
the diet of the pasture-finished steers, whereas it was a relatively small component of the 
feedlot diet.  In addition, non-supplemented control steers had increased plasma 
magnesium concentrations on the d of harvest compared to 7 d prior to harvest (P = 
0.0123).  It is unclear why the plasma magnesium concentrations rose in the steers not 
receiving 25-OH D3 treatment, but may be related to calcium excretion in the urine.  
Treatment with 25-OH D3 may increase calcium excretion as a response to 
hypercalcemia, in which case magnesium may also be excreted.   
Table 5.  Least squares means of plasma Mg concentrations (mg/dL) in beef steers 
receiving 0 or 500 mg of 25-hydroxyvitamin D3 at 7 d prior to harvest or receiving 
pasture or feedlot diets. 
Treatment 7 d prior to harvest At harvest SEM 
0 mg 25-OH D3 1.48b,z 1.64a,z 0.05 
500 mg 25-OH D3 1.54a,z 1.49a,y 0.05 
    
Pasture 1.48b,z 1.64a,z 0.05 
Feedlot 1.54a,z 1.49a,y 0.05 
a,b
 Means within a row lacking a common superscript letter are different (P < 0.05). 
z,y
 Within a trait, means within a column lacking a common superscript letter are 
different (P < 0.05). 
 
Plasma vitamin concentrations 
 
25-Hydroxyvitamin D3 
 
Steers receiving an oral bolus of 500 mg of 25-OH D3 had much greater 
concentrations of plasma 25-OH D3 at harvest, which was 7 d post-treatment (Table 6).  
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Plasma 25-OH D3 is regarded as the best indicator of vitamin D status and would 
therefore be expected to relate to plasma calcium concentrations.  The current study 
achieved an increase in plasma 25-OH D3 similar to those reported by Wertz et al. 
(2004), Foote et al. (2004), and Cho et al. (2006), though a higher dose of 25-OH D3 was 
used in the current study than 125 mg used in the previous studies.  Wertz et al. (2004) 
documented that a one-time oral bolus of 62.5 or 125 mg of 25-OH D3 at time points 35 d 
or less prior to harvest was sufficient to increase plasma 25-OH D3 concentrations until 
the time of harvest. 
Table 6.  Plasma 25-hydroxyvitamin D3 concentrations (ng/mL) in pasture- and 
feedlot-finished beef steers supplemented with 0 or 500 mg of 25-hydroxyvitamin D3. 
Treatment 7 d prior to harvest At harvest SEM 
0 mg 25-OH D3 52a,z 61a,y 7 
500 mg 25-OH D3 57a,z 301b,z 7 
ab
 Means within a row lacking a similar superscript letter are different (P < 0.05). 
yz
 Means within a column lacking a similar superscript letter are different (P < 0.05). 
 
β-Carotene 
Pasture-finished steers had greater (P < 0.0001) concentrations of β-carotene in 
the plasma (2217 ng/mL ± 290) than did feedlot-finished steers (109 ng/mL ± 292), 
which reflects their probable intakes of β-carotene, as concentrations are much greater in 
fresh forages than in grain-based diets (NRC, 2000).  Nonetheless, plasma β-carotene in 
the pasture-finished steers in this study had lower concentrations than reported by Siebert 
et al. (2006) in steers prior to removal from pasture, but are similar to concentrations 
reported in those steers after removal from pasture.  This result may indicate that 
supplementation with the co-product containing pellet decreased forage intake enough to 
result in a decrease in plasma β-carotene concentrations. 
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Retinol 
Neither dietary nor 25-hydroxyvitamin D3 treatment affected plasma retinol 
(vitamin A) concentrations (P = 0.08 and P = 0.23, respectively), as the pasture-finished 
steers had concentrations of 381 ng of retinol/mL (SEM ± 13.3) and the feedlot-finished 
steers had concentrations of 413 ng of retinol/mL (SEM ± 12.8).  These values were 
similar to those of steers immediately after removal from pasture (359 ng/mL) as reported 
by Siebert et al. (2006).  It was thought that diet may contribute to a difference in plasma 
retinol as β-carotene can be cleaved by a mono-oxygenase in the tissue to form retinol 
(Kloer and Schulz, 2006).  However, regulations upon these enzymes may have 
contributed to the lack of difference in plasma retinol concentrations as the pasture-
finished steers had increased plasma β-carotene, but not plasma retinol.   
α-Tocopherol 
Pasture-finished steers had greater (P < 0.0001) plasma α-tocopherol 
concentrations (3,680 ng/mL ± 282) than did feedlot-finished steers (1,394 ng/mL ± 296).  
This would indicate greater anti-oxidant status in the pasture-finished steers.  These 
concentrations are similar to those reported in beef heifers before and after a stressful 
event(Nockels et al.,1996).  According to the NRC (2000), vitamin E content of summer 
grass pasture is below detectable range; however, vitamin E content of dried distillers’ 
grain, which made up a large portion of the pasture supplement, is reported as 49.4 IU/kg 
and that of wheat middlings, which composed nearly 21% of the supplement, is reported 
as 26.9 IU/kg.  Thus, as the pasture-finished steers were receiving a larger portion of their 
total diet as distillers’ grains and wheat middlings than the feedlot-finished steers, the 
difference in plasma α-tocopherol may be attributable to the supplement. 
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Muscle calcium concentrations 
Although treatment with 25-OH D3 increased plasma calcium concentrations, 
muscle calcium (P = 0.52) was not increased by 25-OH D3 treatment as muscle from 
supplemented steers had a concentration of 3.60 µg/g wet tissue compared with 3.70 µg/g 
of wet tissue from the non-supplemented control steers.  These results may indicate that a 
skeletal muscle cellular calcium uptake mechanism (such as store-operated calcium 
channels, voltage-dependent calcium channels, or Ca2+ ATPases) is more tightly 
regulated than intestinal calcium absorption and was able to control muscle calcium 
concentrations despite increased concentrations in the plasma.  Plasma concentrations 
may have been increased as a result of increased intestinal absorption, but the muscle did 
not exhibit increased uptake of calcium as muscle calcium concentrations did not differ 
between supplemented and non-supplemented steers. 
Muscle calcium concentrations were different among the selected muscles (P < 
0.0001; Table 7).  The gracilis muscle had the greatest calcium content at 4.4 µg/g of wet 
tissue, followed by the semimembranosus at 3.7 µg/g of wet tissue and the longissimus 
muscle at 2.8 µg/g of wet tissue, all of which were different from each other.  One 
possible explanation for the difference among the muscles may be related to fiber type 
composition of each muscle as the gracilis would have greater red fiber content.  Red 
fibers are reported to have greater blood flow and capillary:fiber ratios (Close, 1972).  
The greater blood flow may have resulted in increased calcium uptake by the gracilis 
muscle as compared to the longissimus and semimembranosus.   
The calcium concentrations reported in this study are approaching those reported 
by Wertz et al. (2004).  Additionally, µM concentrations of calcium are required for 
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activation of the calpains, which is roughly equivalent to 2 µg/g of wet tissue.  However, 
reports of muscle calcium concentrations are very inconsistent and range from 2-4 µg/g 
of wet tissue in the present study to over 500 µg/g of wet tissue (Lawrence et al., 2005).  
Some differences are very likely attributable to procedural differences, but the large 
magnitude of these differences needs to be addressed. 
Table 7.  Muscle calcium concentrations in the gracilis, longissimus, and 
semimembranosus muscle of pasture- and feedlot-finished beef steers. 
Muscle µg/g wet tissue 
Gracilis 4.39a 
Longissimus 2.84c 
Semimembranosus 3.72b 
SEM 0.21 
abc
 Means lacking a common superscript letter are different (P < 0.05). 
 
Muscle vitamin concentrations 
25-Hydroxyvitamin D3 
Muscle 25-OH D3 concentrations were dependent upon 25-OH D3 
supplementation as steers receiving 500 mg of 25-OH D3 prior to harvest had greater (P < 
0.0001) tissue concentrations of 25-OH D3 (7.62 ng/g wet tissue) than non-supplemented 
control steers (6.63 ng/g wet tissue; SEM ± 0.70).  These results conflict somewhat with 
data reported by Wertz et al. (2004) in which muscle 25-OH D3 was approximately 3 
ng/g of tissue, but the dose of 25-OH D3 in the current study was more than double that 
used by Wertz et al (2004).  The increased concentrations in the tissue indicate that the 
treatment was absorbed from the intestine and taken up by the tissue.  However, the 
active metabolite, 1,25-(OH)2 D3 may not have been formed in the muscle, which may 
have limited muscle calcium uptake.  Concentrations of 1,25--(OH)2 D3 were not 
measured in this study as 25-OH D3 is regarded as a better indicator of vitamin D status; 
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however, this may explain the contrast between increased muscle 25-OH D3 
concentrations and a lack of increase in muscle calcium concentrations in the 25-OH D3 
supplemented steers.  Wertz et al. (2004) did not find an increase in muscle 1,25-(OH)2 
D3 concentrations as a result of pre-harvest supplementation with 25-OH D3, which 
further supports this theory. 
β-carotene 
Muscle β-carotene concentrations were greatest in the gracilis muscle of pasture-
finished steers supplemented with 25-OH D3 (Table 8).  Concentrations of β-carotene in 
the muscles of feedlot steers was very low and generally lower than those of pasture-
finished steers, which was expected because fresh forage has greater concentrations of β-
carotene than does corn, which was the base of the feedlot ration.  Nonetheless, 
concentrations of tissue β-carotene were substantially lower than the approximately 0.120 
µg/g and 0.100 µg/g reported by Walshe et al. (2006) and Yang et al. (2002), 
respectively.   
 
Table 8. Muscle β-carotene concentrations (ng/g) in the gracilis (GR), longissimus 
(LM), and semimembranosus (SM) of pasture- and feedlot-finished steers 
supplemented with 0 or 500 mg of 25-hydroxyvitamin D3 7 d prior to harvest. 
 Muscle  
Diet/25-OH D3 dose GR LM SM SEM 
Pasture     
     0 mg 25-OH D3 5.96a,z 14.04a,z 6.54a,z 6.81 
     500 mg 25-OH D3 37.21a,y 16.46b,z 14.11b,z  
     
Feedlot     
     0 mg 25-OH D3 0.33a,z 0.41a,z 0.41a,z 6.81 
     500 mg 25-OH D3 0.81a,z 0.81a,z 0.81a,z  
ab
 Means within a row lacking a common superscript letter are different (P < 0.05). 
yz
 Means within a column lacking a common superscript letter are different (P < 0.05). 
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Retinol 
Muscle retinol (vitamin A) concentrations were not affected by dietary treatment 
(P = 0.54) or by 25-OH D3 treatment (P = 0.99), which corresponded with the 
concentrations of plasma retinol.  Pasture-finished steers had a mean tissue concentration 
of 63.78 ng/g of wet tissue, which was not different (P = 0.54) from 60.61 ng/g (SEM = 
4.10) in the tissue of feedlot-finished steers.  It was hypothesized that pasture-finished 
steers might have greater muscle retinol concentrations because of increased dietary β-
carotene consumption, which can be cleaved centrally to form retinol. 
α-Tocopherol 
In unsupplemented control steers, the gracilis muscle had a greater concentration 
(P < 0.05) of α-tocopherol than did either the longissimus or semimembranosus (Table 
9).  The longissimus of the 25-OH D3 supplemented steers, however, had a greater 
concentration of α-tocopherol than did the longissimus of non-supplemented steers.  
Muscle α-tocopherol concentrations were greater (P < 0.0001) in the tissue of pasture-
finished steers (4.00 µg/g of wet tissue) than feedlot-finished steers (1.22 µg/g; SEM 
0.28), which corresponds to the α-tocopherol concentrations found in the plasma.  The 
increased concentrations of α-tocopherol in pasture-finished steers may result in greater 
antioxidant capacity to keep the calpains in a reduced state for a longer period of time, 
which may enhance tenderness due to prolonged activity as oxidation has a negative 
impact on calpain activity (Harris, et al., 2001; Maddock Carlin et al., 2006; Guttmann et 
al., 1997).  Calpain activity, however, did not differ between feedlot- and pasture-finished 
steers.  In addition, increased α-tocopherol may result in increased shelf-life and 
improved oxidative stability, which could potentially lengthen the color-life of cuts from 
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pasture-finished steers (Mitsumoto et al., 1991).  These results are similar to those of 
O’Sullivan et al. (2002) which found cattle fed grass silage had greater tissue α-
tocopherol concentrations than did those fed corn silage.  Furthermore, the muscle α-
tocopherol concentrations in this study are consistent with data reported in previous 
studies that ranged from 1-4 µg of α-tocopherol/g of wet tissue (Harris et al., 2001; Chan 
et al., 1998; Nockels et al., 1996; O’Sullivan et al., 2002; Walshe et al., 2006).  In the 
current study, it may be possible that absorption of vitamin E, a fat-soluble vitamin, was 
increased in pasture-finished steers because of increased fat content in the diet as the 
distillers’ grains generally have a high fat content of approximately 10% (NRC, 2000). 
Table 9. Muscle α-tocopherol concentrations (µg/g) in the gracilis (GR), longissimus 
(LM), and semimembranosus (SM) muscles of beef steers supplemented with 0 or 500 
mg of 25-hydroxyvitamin D3 7 d prior to harvest. 
 Muscle  
25-OH D3 dose GR LM SM SEM 
0 mg 25-OH D3 3.29a,z 2.12b,z 1.59b,z 0.41 
500 mg 25-OH D3 2.70a,z 3.42a,y 2.54a,z  
ab
 Means within a row lacking a common superscript letter are different (P < 0.05). 
yz
 Means within a column lacking a common superscript letter are different (P < 0.05). 
 
Calpastatin activity 
 Calpastatin is an inhibitor of the calpain system of proteolysis.  Calpastatin 
activity was not affected by dietary treatment (P = 0.90) or 25-OH D3 supplementation (P 
= 0.54).  However, differences were detected between muscles (P < 0.0001).  The gracilis 
had the most calpastatin activity at 2.65 units of activity/g of tissue followed by the 
longissimus muscle and the semimembranosus (2.08 and 1.81 units of activity/g of tissue, 
respectively), which were also different from each other.  This may indicate that more 
calpain activity was inhibited in the gracilis muscle than either the longissimus or 
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semimembranosus, provided the calpain was in the active form and calpastatin had access 
to the calpains.     
Warner-Bratzler shear force 
 Ante-mortem treatment with 25-OH D3 did not result in an improvement in 
tenderness (P = 0.20).  However, WBSF was dependent upon aging period and muscle, 
which showed a significant interaction (P = 0.0006; Table 10).  In the gracilis, increased 
aging resulted in decreased shear force values, which was also true for the longissimus, 
though it had greater final tenderness than the gracilis.  The semimembranosus had peak 
tenderness on d 7 of aging.  The decrease in tenderness from d 7 to d 14 may be a 
function of increased purge loss; however, this trait was not measured and so it cannot be 
singled out as a reason for the increase in WBSF.  In addition, location of the steaks 
within each muscle was randomized, which should have eliminated a location effect on 
tenderness.  The semimembranosus contains substantial connective tissue and is typically 
more variable than the longissimus, which may have contributed to the 
semimembranosus being more tender on d 7 than on d 14.  These muscles were all tender, 
and only on d 3 did the semimembranosus and gracilis record WBSF values of 4.5 kg, 
which is regarded as a threshold of tenderness acceptability (Miller et al., 2001).  These 
results are similar to those reported by Wertz et al. (2004) in which there were no 
differences in WBSF among steaks from steers supplemented 0, 62.5, or 125 mg of 25-
OH D3, but a significant effect of aging.  Foote et al. (2004) found that tenderness of the 
semimembranosus muscle was improved in steaks aged 14 d from steers supplemented 
with 125 mg of 25-OH D3 on d 4 prior to harvest; however, the results of the current 
study do not support that finding.   
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Table 10.  Least squares means of WBSF (kg) of gracilis (GR), longissimus (LM), 
and semimembranosus (SM) steaks from pasture- and feedlot-finished steers after 
steaks were aged 3, 7 or 14 d.  
 Aging, d  
Muscle 3 7 14 SEM 
GR 4.54a,y 4.20b,x 3.73c,y 0.28 
LM 4.17a,z 3.30b,z 3.02b,z  
SM 4.52a,y 3.74c,y 4.06b,x  
a,b,c
 Means within a row lacking a common superscript letter are different (P < 0.05). 
x,y,z
 Within a trait, means within a column lacking a common superscript letter are 
different (P < 0.05). 
 
Interestingly, there was not evidence of a difference in WBSF across muscles 
between steaks from pasture- and feedlot-finished steers (P = 0.44).  This result is 
somewhat contradictory to earlier reports documenting that steaks from grass-fed steers 
were less tender than grain-finished steers (Harrison et al., 1978; Bowling et al., 1977).  
This study is different, however, from previous studies in that the steers grazing pasture 
were supplemented with a distillers’ grains containing-pellet, which may have attenuated 
some of the difference in WBSF found by previous researchers.  In addition, steers from 
both dietary treatments were harvested at a similar age and approximately similar degree 
of fat cover, both of which may have confounded results in previous works.   
Protein Degradation 
 Troponin-T undergoes degradation during the aging process.  The appearance of a 
30-kDa degradation product over the course of aging has been produced by digestion of 
myofibrils by both µ- and m-calpains in vitro and these bands have been similar to those 
from aged muscle (Olson et al., 1977; Huff-Lonergan et al., 1996).  The 30-kDa 
degradation product of troponin-T is correlated with tenderness and the band density 
increases with increasing tenderness (Koohmaraie, 1994).  Appearance of the 30 kDa 
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degradation product of troponin-T was not significantly affected by diet or 
supplementation with 25-OH D3 at 7 d prior to harvest (Table 11).  This result 
corresponds with WBSF data indicating there were not differences in WBSF between 
pasture- and feedlot-finished steers or between steers supplemented with 25-OH D3 or not 
supplemented.  It was hypothesized that steers supplemented with 25-OH D3 would have 
greater calpain activity because of increased muscle calcium concentrations and thus 
greater degradation of troponin-T into the 30 kDa product.   However, the hypothesized 
increase in muscle calcium did not occur with 25-OH D3 supplementation, likely 
contributing to a lack of difference in protein degradation. 
Table 11.  Troponin-T degradation ratios of the 30 kDa subunit in steaks from 
pasture- and feedlot-finished steers and steers receiving 0 or 500 mg of 25-
hydroxyvitamin D3 on d 7 prior to harvest. 
Treatment Degradation ratio SEM P-value 
Diet    
   Pasture 0.306 0.020 0.63 
   Feedlot 0.323   
    
25-hydroxyvitamin D3    
   0 mg 0.286 0.022 0.15 
   500 mg 0.343   
 
 Troponin-T degradation was dependent upon both muscle and aging period (P = 
0.0010).  Over the course of aging, the degradation ratio for the gracilis muscle did not 
differ by d of aging (Table 12).  This result was in contrast to WBSF data for the gracilis 
that indicated a progression of improvement in tenderness.  Therefore, appearance of the 
30 kDa subunit of troponin-T may not be a good indicator of tenderness development in 
the gracilis muscle.  The troponin-T isoform or isoforms in the gracilis muscle may be 
different than in the longissimus and semimembranosus which may prevent its 
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degradation (Muroya et al., 2003).  In addition, because a monoclonal antibody was used, 
a different, possibly polyclonal antibody may show stronger appearance of the 30 kDa 
degradation product in the gracilis muscle, especially if troponin-T isoforms differ among 
the muscles.  The longissimus had a significant increase in appearance of the 30 kDa 
subunit on each d of aging (Figure 2).  The semimembranosus had increased degradation 
from d 3 to d 7 but did not have a further increase on d 14.  Degradation of troponin-T 
was greater in the longissimus and semimembranosus muscles than in the gracilis muscle 
on all days of aging.  This result supports our finding that WBSF values for the 
longissimus muscle were consistently lower than those for the gracilis muscle.  
Furthermore, this corresponds to the calpastatin activity data showing that the gracilis 
muscle had the greatest calpastatin activity, which would be expected to be manifested in 
the least troponin-T degradation through inhibition of the calpain system.  Troponin-T 
degradation data showed that proteolysis in the semimembranosus did not progress 
significantly beyond d 7, which may help explain why WBSF values show peak 
tenderness on d 7 postmortem.  Both WBSF and troponin-T data show that there is a 
progression of tenderness development in the semimembranosus from d 3 to d 14 of 
aging, and so troponin-T degradation may be an acceptable indicator of tenderness in the 
semimembranosus muscle.   
Table 12.  Troponin-T degradation ratios of the 30 kDa subunit in steaks from the 
gracilis, longissimus, and semimembranosus muscles that were aged 3, 7, or 14 d. 
 Aging period, d  
Muscle 3 7 14 SEM 
   Gracilis 0.117a,z 0.049 a,z 0.134 a,z 0.038 
   Longissimus 0.263c,y 0.413b,y 0.567a,y 0.038 
   Semimembranosus 0.289b,y 0.451a,y 0.547a,y 0.038 
abcMeans within a row lacking a similar superscript letter are different (P < 0.05). 
yzMeans within a column lacking a similar superscript letter are different (P < 0.05). 
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Figure 2.  Western blot depicting troponin-T degradation in a reference sample (ref), the 
semimembranosus (SM), gracilis (GR), and longissimus muscle (LM) after aging periods 
of 3, 7, or 14 d.  Each lane was loaded with 40 µg of protein.  The lower band is the 30 
kDa degradation product and the upper bands are intact troponin-T. 
 
Calpain autolysis 
 Autolysis of µ-calpain leads to a loss of calpain proteolytic activity (Edmunds et 
al., 1991; Koohmaraie, 1992).  Similar to troponin-T degradation patterns, calpain 
autolysis from samples 3 d postmortem was not significantly affected by supplementation 
with 25-OH D3 or by diet.  However, there was a trend (P = 0.10) in calpain autolysis 
across muscles in regards to supplementation with 25-OH D3 as steaks from 
supplemented steers showed slightly greater appearance of the 76 kDa autolysis product 
compared with non-supplemented controls, which is an indicator of greater calpain 
activity (Table 13).   
 
Table 13.  Appearance (as a % of total bands) of the 80, 78, and 76 kDa 
immunoreactive bands of µ-calpain in 3 d postmortem muscle in steers receiving 
0 or 500 mg of 25-hydroxyvitamin D3 on d 7 prior to harvest. 
 Dose of 25-hydroxyvitamin D3, mg   
Immunoreactive band 0 500 SEM P-value 
80 kDa 12.8% 9.7% 3.2 0.15 
78 kDa 21.3% 18.8% 5.1 0.10 
76 kDa 64.7% 71.4% 8.0 0.10 
 
ref
GR LM SM
d 7d 3 d 14 d 7d 3 d 14 d 7d 3 d 14
30 kDa degradation 
product
Troponin-T
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Figure 3.  Western blot depicting µ-calpain in a reference sample, and the 
semimembranosus (SM), gracilis (GR), and longissimus (LM) at d 3 postmortem.  Each 
lane was loaded with 40 µg of protein.  The uppermost band is the unautolyzed 80 kDa 
subunit, the second band is the autolyzed 78 kDa immunoreactive band, and the third 
band is the autolyzed 76 kDa immunoreactive band.   
 
Calpain autolysis was different among the muscles (Figure 3).  The longissimus 
muscle had greater appearance (P < 0.0001) of the 76 kDa product than the gracilis and 
semimembranosus muscles (86.8% vs. 58.7% and 58.6%, respectively).  Also, the 
longissimus had less appearance of the 80 kDa subunit than both the gracilis and 
semimembranosus muscles, which were similar to each other (3.3% vs. 16.0% and 
14.5%, respectively).  Increased autolysis would be indicative of prior activation of the 
calpains (Koohmaraie, 1992).  This result corresponds to the WBSF data that indicated 
that the longissimus was more tender than either the semimembranosus or gracilis.  In 
addition, µ-calpain activation in the gracilis corresponds to the results for calpastatin, 
which indicated the gracilis had the greatest calpastatin activity of the muscles examined, 
and would therefore be expected to have the greatest inhibition of calpain activity. 
Implications 
 The use of 25-hydroxyvitamin D3 was not successful in increasing muscle 
calcium concentrations and thus was not effective at decreasing shear values in steaks 
from either feedlot- or pasture-finished beef steers.  Muscle differences in regards to 
78 kDa 
76 kDa 
Ref GR SM LM 
80 kDa 
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proteolysis and vitamin concentrations were noted and, given this, the muscle being 
evaluated is of critical importance when making comparisons of results.  Also, 
supplementation of pasture-finished steers with a distillers’ co-product may help mitigate 
some previously reported negative impacts on tenderness in pasture-finished beef.  This 
study shows that finishing cattle on pasture while providing a supplement of distillers’ 
co-products can be a feasible method to finish beef cattle without extending time to reach 
marketable weights or negatively impacting meat quality traits.    
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ABSTRACT 
 
British breed beef steers (n = 48; 370 kg) were assigned to pasture or feedlot diets 
and 0 or 500 mg of 25-hydroxyvitamin D3 (25-OH D3) to evaluate the effects of 25-OH 
D3 and diet on sensory traits and beef color. All steers were implanted with a combination 
trenbolone acetate/estradiol implant prior to diet initiation. Pasture-finished cattle 
received 6.8 kg/hd per day of a pelleted diet containing dried distillers’ grains, wheat 
middlings, and soy hulls while continuously grazing predominantly bromegrass pasture. 
The feedlot diet contained 10% wet distillers’ grains in addition to corn, corn silage, and 
chopped hay. Steers from both diets also received monensin. Steers were harvested after 
112, 133, or 154 d on feed (DOF) to minimize 12th rib fat differences. Twelve steers 
from each dietary treatment received 25-OH D3 boluses orally 7 d prior to assigned 
harvest date. Longissimus, semimembranosus, and gracilis muscles were collected, cut 
into steaks, aged 3, 7, or 14 d, and evaluated for instrumental color. Sensory traits were 
analyzed on steaks aged 14 d postmortem. Feedlot steers had greater a* values compared 
with pasture-fed steers (22.67 vs. 22.24; P = 0.0318), indicating increased redness. Hue 
angle values were lower for feedlot-finished steers than pasture-finished steers indicating 
a color closer to true red (P = 0.0053; 42.00 vs. 44.99 + 2.29, respectively).  The a* 
values differed by muscle (P < 0.0001) as gracilis had the greatest a* values followed by 
the semimembranosus and longissimus (23.22, 22.25, and 21.90, respectively). The 
gracilis and longissimus had greatest b* values on d 14 and the semimembranosus had 
greatest b* on d 3.  L* values increased with increased aging time.  Sensory analysis 
showed that the gracilis muscle from steers supplemented with 25-OH D3 was more 
tender than from the unsupplemented steers.  The gracilis muscle from supplemented 
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pasture-finished steers was also juicier than the gracilis of unsupplemented pasture-
finished steers and supplemented feedlot-finished steers.  Off-flavor scores increased in 
the longissimus of pasture-finished steers supplemented with 25-OH D3, but longissimus 
tenderness and other sensory traits were not different between feedlot- and pasture-
finished steers.  Sensory traits for the semimembranosus were not affected by diet or 25-
OH D3 supplementation.  The results from this study indicate that muscles may be 
differentially affected by 25-OH D3 treatment, steaks from feedlot-finished steers are 
redder than those of pasture-finished steers and also that pasture-finished steers 
supplemented with a distillers’ grain co-product yield steaks with sensory traits similar to 
those from feedlot-finished steers. 
KEYWORDS: Beef, distillers’ grains, pasture-finished, tenderness, sensory, color 
INTRODUCTION 
 
 Interest in grass-finished beef has been increasing in recent years.  Previous 
reports indicate that pasture-finished beef is less tender than beef from conventionally 
finished, grain-fed beef (Harrison et al. 1978, Bowling et al. 1977).  The primary 
palatability trait that 51% of consumers want from a steak is tenderness, and they are 
willing to pay a premium for tenderness (Miller et al., 2001; Boleman et al., 1997).  It is 
therefore critical to evaluate tenderness of beef from pasture-finished steers and 
investigate methods to improve tenderness. 
In addition, beef color may differ in steaks from pasture- and feedlot-finished cattle 
(Crouse et al., 1984; Bowling et al., 1977; Schaake et al., 1993).  The effects of feeding 
distillers’ grain co-products to grass-finished cattle on beef color, however, have not 
previously been documented.  
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 One method that has been investigated to improve beef tenderness is the use of 
vitamin D3 or its metabolites, which increase calcium absorption from the small intestine, 
effectively increasing plasma calcium concentrations (Foote et al., 2004; Wertz et al., 
2004; Montgomery et al., 2000; Swanek et al., 1999; Karges et al., 2001; Cho et al., 
2006; Carnagey et al., 2006).  Increasing calcium concentration in the muscle is 
hypothesized to result in further activation of the calpain system of proteolysis, therefore 
increasing tenderness.  Previous studies have focused mainly on feedlot-finished steers.  
Given that interest in grass-finished beef is growing and that pasture-finished cattle have 
been found to yield less tender product and have different beef color attributes than grain-
finished cattle, the objective of our research was to evaluate the use of 25-
hydroxyvitamin D3 supplementation on beef color and beef sensory traits, including beef 
tenderness, in pasture-finished cattle as compared with feedlot-finished beef steers. 
MATERIALS AND METHODS 
Animals and experimental treatments 
All procedures involving animals were approved by the Institutional Animal Care 
and Use Committee at Iowa State University (approval # 5-06-6142-B). 
British breed beef steers (n=48; 370 ± 23-kg) were assigned randomly to one of 
four treatments.  Treatment design was a 2 x 2 factorial treatment structure with two 
feeding regimens (feedlot or pasture-fed) and two concentrations of 25-hydroxyvitamin 
D3 (0 or 500-mg 25-hydroxyvitamin D3; 25-OH D3) administered via oral bolus at 7 d 
prior to harvest.  Steers were assigned to harvest date according to ultrasound 12th rib fat 
thickness and harvest date was used as a blocking factor. 
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At initiation of the study, steers were implanted with Component TE-S (120 mg 
trenbolone acetate, 24 mg estradiol, and 29 mg tylosin tartrate as a local antibacterial; 
VetLife by Ivy Laboratories, Overland Park, KS 66214) on d 0 of the study.  Twenty-four 
(n = 24) of the steers were placed at the Iowa State University Beef Nutrition Farm and 
fed a finishing ration (Table 1) delivered once daily at 0800 h.  Steers were housed in an 
outside lot with a windbreak. 
Table 1.  Composition of diet fed to feedlot steers. 
Feed Ingredient % of diet, DMB 
Dry rolled corn 72.965% 
Wet distillers’ grain 10.000% 
Corn silage 9.955% 
Ground hay – brome 2.500% 
Urea 1.474% 
Potassium chloride 0.966% 
Limestone 0.966% 
Salt 0.300% 
Vitamin A 0.080% 
Trace mineral premixa 0.024% 
Rumensin 80b 0.020% 
Molasses 0.750% 
Total 100.000% 
a11.8 to 14.2% Ca (calcium carbonate); >1.5% Cu (copper sulfate); >10.0% Fe 
(ferrous carbonate and ferrous sulfate); >8.0% Mn (manganous oxide); 12.0% Zn 
(zinc oxide); 1000 ppm Co (cobalt carbonate); and 2000 ppm I (ethylenediamine 
dihydroiodide). 
bProvided 35.2 mg/kg (DM basis) of monensin (Elanco Animal Health, Indianapolis, 
IN). 
 
The remaining steers (n = 24) continuously grazed 9.7 ha of mixed grass pasture 
(primarily bromegrass) at the Iowa State University Western Research and 
Demonstration Farm, Castana, IA and were supplemented with a pelleted product 
composed of distillers’ grains, wheat middlings, and soy hulls (Table 2) at the initial rate 
of 4.5 kg/d per steer, fed once daily at 0700 h.  Nitrogen fertilizer had been applied to the 
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pasture in the spring prior to grazing.  Also, steers were offered a free choice 
mineral/vitamin block that supplied 80-200 mg monensin/d per steer when consumed at a 
rate of 0.09-0.23 kg/d (Table 3; Sweetlix Livestock Supplement System, Mankato, MN 
56002).  Because of dry weather and decreased pasture availability, the supplement was 
increased to 6.8 kg/d per steer on July 13th for the remainder of the study. 
Table 2.  Composition and calculated analysis of a by-product feed mix. 
Composition % (DMB) 
Dried distillers’ grains with solubles 50.0 
Soy hulls 25.0 
Wheat midds 20.9 
Molasses 2.5 
Calcium carbonate 1.6 
Total 100.0 
  
Calculated Analysis % 
Dry matter, % 90.1 
Crude protein, % (DMB) 21.8 
Calcium, % (DMB) 0.94 
Phosphorus, % (DMB) 0.67 
NE m 0.91 
NE g 0.61 
TDN, % (DMB) 85.9 
  
Ultrasound monitoring 
Steers were weighed and monitored for 12th rib fat thickness (FT) every 21 d beginning 
June 21 by ultrasound with an Aloka SSD-500V with a 3.5-MHz, 17-cm transducer 
(Corometrics Medical Systems, Wallingford, CT).  A trained individual scanned the 
cattle between the 12th and 13th ribs and evaluated the images.  Prior to scanning, steers 
were clipped in the appropriate areas and vegetable oil was applied as a couplant for the 
transducer and standoff guide.   
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Table 3.  Mineral/vitamin block analysis. 
Ingredient Content (air dry basis) 
Monensin (as monensin sodium) 880 mg/kg 
Calcium (min-max) 4.70-5.70% 
Phosphorus (min) 4.00% 
Salt (min-max) 16.60-19.90% 
Magnesium (min) 0.20% 
Potassium (min) 1.50% 
Iodine (min) 140 ppm 
Copper (min) 1000 ppm 
Selenium (min) 13.3 ppm 
Zinc (min) 4000 ppm 
Vitamin A (min) 220,000 IU/kg 
Vitamin D3 (min) 55,000 IU/kg 
Vitamin E (min) 55 IU/kg 
 
Carcass data and meat sample collection 
After 90 d on the respective feeding regimens, ultrasound image evaluation 
indicated that a number of steers were nearing 1 cm of 12th rib fat.  At this time, steers 
were designated to one of three harvest dates after 112, 133, and 154 d on feed as based 
on ultrasound 12th rib fat thickness.  On d 7 prior to harvest, treatment steers received 
boluses to deliver a total of 500 mg of 25-OH D3 (ROVIMIX® Hy·D® 1.25%, DSM 
Nutritional Products, Ames, IA).  Control steers received a similar number of boluses of 
cornstarch.   
At 48 hr post-mortem, carcass data including fat thickness, ribeye area (REA), hot 
carcass weight (HCW), kidney, pelvic and heart fat percentage (KPH) were recorded by a 
trained individual and marbling score was determined by a USDA grader.  The 12th rib 
fat thickness was measured, and the preliminary yield grade was adjusted according to 
total carcass fatness and then used for final yield grade calculation. In addition, the strip 
loin (IMPS 180; longissimus muscle) and the inside round (IMPS 168; semimembranosus 
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and gracilis) from each carcass were individually identified and collected for further 
analyses on d 2 post-harvest.  After transport to the Iowa State University Meats 
Laboratory, the longissimus, semimembranosus, and gracilis were dissected and cut into 
2.54-cm steaks.  The steaks from each muscle were aged 3, 7, or 14 d.  Samples were 
wet-aged in vacuum-packaged bags in dark conditions at 4°C and then frozen at -20°C 
until further analysis.   
Instrumental color 
 Instrumental color was evaluated on steaks aged 3, 7, and 14 d using a Minolta 
Chroma Meter (Minolta Corp, Ramsey, NJ) Model C-310 with a wide-area illumination 
and a 0 degree viewing angle and a 50 mm diameter measuring area.  Illuminant D65 was 
used and L*, a*, b* were measured (CIE, 1976).  L* values are an indicator of lightness, 
a* values an indicator of redness, and b* values are an indicator of yellowness.  Chroma 
was evaluated as √(a*)2 + (b*)2, and is an indicator of color intensity, and hue angle was 
calculated as tan-1(b*/a*) and is an indicator of true red color.  The a*/b* ratio was also 
calculated as an indicator of red color. 
Sensory analysis  
 For sensory analysis, steaks aged 14 d were broiled to 71°C in an electric oven 
broiler (Amana, Model ARE-60) that had been preheated to 210°C.  The temperature of 
each steak was monitored using individual Omega fine wire thermocouples 
(Chromega/Alomega - 0.20 diameter, 183 cm length) attached to an Omega digital 
thermometer (Omega Engineering, Model DSS-650).  Sensory evaluation of the cooked 
steaks was performed by highly trained professional sensory panelists.  Panelists were 
seated in individual booths with red lighting overhead to mask any differences in product 
88 
 
color or perceived degree of doneness.  One 1.3-cm cube per panelist was removed from 
the center of each steak, placed in an individually coded glass petri dish, and served 
warm to each panelist.  Room temperature distilled, deionized water, and unsalted 
crackers were used to cleanse the palate between samples.  Samples were evaluated for 
degree of juiciness, tenderness, chewiness, beef flavor and off-flavor by using a 150-mm 
unstructured line scale.  The scale was anchored on the left end (0 mm) with a term 
representing a low degree of juiciness, tenderness, chewiness, beef flavor, and off-flavor 
intensity.  The right end of the scale (150 mm) was anchored by a term representing a 
high degree of each attribute evaluated.  Panelists were asked to identify any off-flavors 
observed. 
Statistical analysis 
 The MIXED procedure of SAS (SAS Institute, Cary, NJ) was used for statistical 
analysis.  Results for instrumental color were analyzed as a split plot where steer served 
as the whole plot factor and muscle served as the subplot.  The whole plot treatment 
design was a 2 x 2 factorial consisting of diet (feedlot or pasture) and 25-OH D3 (0 or 500 
mg).  Within muscle, aging period was the experimental variable.  The model therefore 
included diet, 25-OH D3, muscle and aging period.  Harvest date was treated as a random 
variable as was steer(harvest date*diet*25-OH D3).  Least squares means were 
determined for all main effects and interactions.  When necessary, means were separated 
using the PDIFF option of SAS. P-values of less than 0.05 were considered significant. 
 Sensory panel results were blocked by panelist.  Panels were conducted 
consisting of only one muscle per session and thus muscle was not included in the model 
for analysis.  The model included diet and 25-OH D3.  Harvest date was treated as a 
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random variable as was steer(harvest date*diet*25-OH D3).  Again, P-values of less than 
0.05 were considered significant and means were separated using the PDIFF option of 
SAS when necessary. 
RESULTS AND DISCUSSION 
Carcass traits 
 Carcass data from the steers in the study are included in Table 4.  Pasture-
finished steers had less 12th rib fat, less kidney, pelvic, and heart fat, and lower marbling 
scores than did feedlot-finished steers. 
Table 4.  Carcass characteristics of pasture-finished vs. feedlot-finished steers. 
Carcass Characteristic Feedlot Pasture SEM P-value 
Hot carcass weight, kg 349 343 6.7 0.32 
LM area, cm2 87.5 84.7 2.8 0.17 
Fat thickness, mm 8.7 6.1 0.84 < 0.0001 
Kidney, pelvic and heart fat, % 1.83 1.64 0.06 0.011 
Yield grade 2.4 2.2 0.2 0.10 
Marbling score a 390 345 31 0.014 
a Marbling score where 300 = Slight 00, 400 = Small 00, 500 = Modest 00. 
 
Instrumental color 
 L*, an indicator of lightness, differed by aging period (P < 0.0001), with the 
steaks getting progressing lighter as aging time increased from d 3 to d7 to d 14 (35.99, 
36.84, and 37.65 ± 0.49, respectively).  There was not an aging period*muscle interaction 
(P = 0.51); however, data are presented as such in Table 5 for information purposes.  Diet 
did not affect (P = 0.55) L* values.  Nuernberg et al. (2005) reported that steaks from 
grass-fed bulls had lower L* values than those from concentrate-fed bulls.  However, 
supplementation of the pasture-finished cattle in this study may have mitigated some of 
the impacts of grass-feeding systems.   
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The a* values, an indicator of redness, were greater in steaks from feedlot-
finished cattle than pasture-finished cattle (P = 0.0318; 22.67 vs. 22.24 + 0.11, 
respectively).  This result is somewhat supported by data reported by Crouse et al. (1984) 
and Bowling et al. (1977) in which a numeric scale from dark to light indicated that 
pasture-finished cattle had darker lean than did feedlot-finished cattle.  Additionally, 
Schaake et al. (1993) found that steaks from grain-finished steers were more cherry-red 
than steaks from steers that grazed fescue-clover in the spring and millet, bermudagrass, 
or sudangrass during the summer.  In the current study, a* was greater in the gracilis than 
the semimembranosus and longissimus, which were not different from each other (P < 
0.0001; 23.22, 22.25, and 21.90 + 0.14, respectively).  This may be related to muscle 
fiber types as the gracilis muscle would have the greatest red fiber content and muscles 
with greater red fiber content would be expected to have a more red appearance (Ozawa 
et al., 2000).  O’Sullivan et al. (2002) reported that a* values decreased over time in 
aerobically packaged steaks from steers fed maize silage and grass silage, but aging 
period did not show evidence of a significant (P = 0.07) impact on a* values in this study, 
likely because steaks were vacuum-packaged until analysis.   
An indicator of yellowness, b* values changed according to muscle and aging 
period (P = 0.0076; Table 5).  The longissimus and semimembranosus maintained similar 
b* values over time, whereas the gracilis had the lowest b* values on d 7.  Liu et al. 
(1996) showed that b* values of longissimus lumborum steaks decreased to 
approximately d 6 in display and then began to increase to d 14.  The steaks in the current 
study, however, were not under display lighting, which likely explains the difference in 
b* values for the longissimus. 
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Chroma, or vividness of color, was the greatest in the gracilis muscle followed by 
the semimembranosus and longissimus muscles (23.90, 23.05, and 22.56 + 0.19, 
respectively).  Diet, 25-OH D3 supplementation, and aging period did not significantly 
affect chroma (P = 0.14, 0.35, and 0.11, respectively). 
Hue angle represents a change from red color and steaks from pasture-finished 
steers had greater hue angle values than feedlot finished steers (P = 0.0053; 44.99 vs. 
42.00 + 2.29, respectively).  There was also a muscle*aging period interaction (P = 
0.0144) for hue angle values (Table 5).  The semimembranosus generally had the greatest 
hue angle values.  Hue angle values for the longissimus increased from d 3 to d 7 and 
then seemed to stabilize.  The gracilis muscle had greatest hue angle values on d 3, lowest 
values on d 7, and then an increase on d 14.   
When the a*/b* ratio was calculated (in which increasing values indicate 
increasing redness), diet, muscle, and aging period had significant effects on the a*/b* 
ratio; however, no interactions were observed.  Over the aging period, the a*/b* ratio was 
lowest on d 3 (4.08) and not different between d 7 and 14 (4.70, and 4.53 ± 0.24, 
respectively).  There was not a muscle*aging period interaction (P = 0.12); however, data 
are presented by muscle in Table 5 for information purposes.  Steaks from feedlot-
finished steers had greater a*/b* ratios than those from pasture-finished steers (P = 
0.0050; 4.71 vs. 4.16 + 0.22, respectively), indicating redder color, which could, in turn, 
lead to greater consumer acceptance or preference for those steaks.  The gracilis muscle 
had the greatest a*/b* ratio, followed by the longissimus and the semimembranosus 
muscle, which were not different from each other, indicating the gracilis muscle was the 
most red.  Steaks from d 7 had the greatest a*/b* ratio, which was greater than steaks 
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from d 3 but not different from d 14 (Table 5).  Pre-harvest supplementation with 25-
hydroxyvitamin D3 did not affect any measures of muscle color.  All measures of 
instrumental color indicate that feedlot-finished steers yield steaks redder in color than 
steaks from pasture-finished steers. 
 
Table 5.  Least squares means of instrumental color values from steaks from the 
gracilis (GR), longissimus (LM), and semimembranosus (SM) muscle of feedlot- and 
pasture-finished beef steers aged 3, 7, or 14 d. 
 Aging period, d  
Color Characteristic 3 7 14 SEM 
L*     
  GR 36.13 37.00 38.21 0.58 
  LM 35.57 36.94 37.45  
  SM 36.28 36.58 37.29  
     
b*     
   GR 6.13a,z 4.77b,y 5.41c,z 0.37 
   LM 5.13a,y 5.32a,yz 5.58a,z  
   SM 6.26a,z 5.85a,z 5.75a,z  
     
Hue angle     
   GR 45.78a,yz 36.73b,y 40.63b,y 2.65 
   LM 41.98a,y 43.16a,z 43.25a,yz  
   SM 49.50a,z 45.56ab,z 44.89b,z  
     
a*/b* ratio     
  GR 4.17 5.58 5.19 0.32 
  LM 4.33 4.44 4.33  
  SM 3.75 4.08 4.08  
     
 Muscle  
 GR LM SM SEM 
a* 23.22a 21.90b 22.25b 0.14 
Chroma 23.90a 22.56c 23.05b 0.19 
a*/b* ratio 4.98a 4.37b 3.97b 0.24 
a,b,c
 Means within a row lacking a common superscript letter are different (P < 0.05). 
z,y
 Within a trait, means within a column lacking a common superscript letter are 
different (P < 0.05). 
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Sensory traits 
Sensory traits were analyzed within muscle because the comparisons between 
dietary treatments and 25-OH D3 supplementation groups were the primary objectives. In 
the longissimus muscle, off-flavor scores were greatest (indicating the most off-flavor) in 
pasture-finished steers receiving 500 mg of supplemental 25-OH D3 (Table 6).  The off-
flavor was most often described as ‘sour’ by the panelists.  It is unclear why off-flavor in 
the pasture-finished steers would have been increased by 25-OH D3 supplementation.  
Other longissimus muscle sensory attributes, including beef flavor, tenderness, juiciness, 
and chewiness, were not affected by dietary or 25-OH D3 treatment.  Beef flavor was not 
different (P = 0.07) between steaks from pasture- and feedlot-finished steers in this study.  
Bowling et al. (1977, 1978) reported that grain-finished beef had greater sensory scores 
for flavor than forage-finished beef.  Results from the current study, however, are in 
agreement with the findings of Crouse et al. (1984), which documented no difference in 
flavor scores for grass- or grain-fed heifers.  The lack of a difference in flavor between 
steaks from pasture- and feedlot-finished steers in this study may indicate that pelleted 
distillers’ grain co-product fed to pasture-finished cattle helped mitigate differences in 
flavor resulting in beef that is more similar in flavor to grain-finished cattle. 
Interestingly, in the longissimus muscle, diet did not significantly (P = 0.11) 
affect sensory panel tenderness evaluation, indicating the pasture-finished and feedlot-
finished steers yielded steaks with similar tenderness.  Sitz et al. (2005) found that 
longissimus muscle steaks from domestic, grain-fed cattle had greater sensory panel 
ratings for flavor, juiciness, tenderness, and overall acceptability than steaks from 
Australian grass-fed cattle.  Harrison et al. (1978) found that grass-fed steers were less 
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tender according to sensory panel analysis than steers fed a corn-based diet for nearly 100 
d.  Bowling et al. (1978) also reported that beef from grain-finished steers was more 
tender than beef from grass-only finished steers.   
Table 6.  Sensory characteristics of longissimus steaks from pasture- and feedlot-
finished steers supplemented with 0 or 500 mg of 25-hydroxyvitamin D3 on d 7 
prior to harvest. 
 Dose of 25-hydroxyvitamin D3, mg   
Sensory Trait/Diet 0 500 SEM P-valuea 
     
Juicinessb     
     Pasture 7.73 8.23 0.65 0.14 
     Feedlot 8.57 7.41   
     
Tendernessb     
     Pasture 8.31 8.44 0.55 0.23 
     Feedlot 8.13 6.88   
     
Chewinessb     
     Pasture 4.36 4.65 0.56 0.71 
     Feedlot 5.00 5.71   
     
Beef Flavorb     
     Pasture 5.28 5.21 0.66 0.26 
     Feedlot 4.46 5.02   
     
Off Flavorb     
     Pasture 0.76d 1.60c 0.38 0.0399 
     Feedlot 1.36c 0.93c     
aP-value for the interaction. 
bScores determined using a 150-mm unstructured line scale where 0 = a very low 
degree of the trait given (dry, tough, not chewy, no beef flavor, no off flavor) and 
15 = a very high degree of the trait given (juicy, tender, very chewy, intense beef 
flavor, intense off flavor). 
cd
 Means within a trait lacking a common superscript letter are different (P < 0.05). 
 
Tenderness scores for the gracilis muscle were more desirable for pasture-finished 
receiving 500 mg 25-hydroxyvitamin D3 than for steers receiving no 25-OH D3 (Table 7), 
indicating that 25-OH D3 supplementation improved tenderness of the gracilis in pasture-
finished steers and that supplementation may affect the muscles examined in this study 
differently.  It is unclear why a similar response was not seen in steaks from feedlot-
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finished steers or other muscles.  Tenderness was greater in the gracilis muscle of 
pasture-finished steers supplemented with 500 mg of 25-hydroxyvitamin D3 than in the 
same muscle from feedlot-finished steers receiving the same amount of 25-OH D3.  In 
addition, juiciness for the gracilis muscle showed a trend similar to that of tenderness.  
Few data characterizing sensory traits of the gracilis muscle are available, especially 
concerning differences between forage- and grain-fed cattle.     
Table 7.  Sensory characteristics of steaks from the gracilis muscle from pasture- 
and feedlot-finished steers supplemented with 0 or 500 mg of 25-hydroxyvitamin 
D3 on d 7 prior to harvest. 
 Dose of 25-hydroxyvitamin D3, mg   
Sensory Trait/Diet 0 500 SEM P-valuea 
     
Juicinessb     
     Pasture 7.68d,z 8.8c,y 0.05 0.0149 
     Feedlot 8.36c,z 7.75c,z   
     
Tendernessb     
     Pasture 6.26d,z 8.49c,y 0.60 0.0131 
     Feedlot 7.14c,z 6.26c,z   
     
Chewinessb     
     Pasture 5.39 4.10 0.77 0.09 
     Feedlot 5.01 5.79   
     
Beef Flavorb     
     Pasture 4.78 4.29 0.87 0.07 
     Feedlot 4.25 4.65   
     
Off Flavorb     
     Pasture 0.66 1.51 0.41 0.45 
     Feedlot 0.88 1.23     
aP-value for interaction. 
bScores determined using a 150-mm unstructured line scale where 0 = a very low 
degree of the trait given (dry, tough, not chewy, no beef flavor, no off flavor) and 
15 = a very high degree of the trait given (juicy, tender, very chewy, intense beef 
flavor, intense off flavor). 
cd
 Means within a row lacking a common superscript letter are different (P < 0.05). 
yz Means within a column, within a muscle and trait, lacking a common superscript 
are different (P < 0.05). 
96 
 
No sensory traits for the semimembranosus muscle were affected by 25-OH D3 
treatment or diet (Table 8).  Again, there was not a difference (P = 0.83) in sensory panel 
tenderness between the dietary treatments for the semimembranosus muscle, so pasture- 
and feedlot-finished steers had steaks with equal tenderness according to sensory panel 
evaluation. 
 
Table 8.  Sensory characteristics of steaks from the semimembranosus muscle from 
pasture- and feedlot-finished steers supplemented with 0 or 500 mg of 25-
hydroxyvitamin D3 on d 7 prior to harvest. 
 Dose of 25-hydroxyvitamin D3, mg   
Sensory Trait/Diet 0 500 SEM P-valuea 
     
Juicinessb     
     Pasture 7.89 7.61 0.72 0.52 
     Feedlot 7.01 7.36   
     
Tendernessb     
     Pasture 6.13 6.41 0.65 0.32 
     Feedlot 6.80 5.99   
     
Chewinessb     
     Pasture 6.27 6.00 1.14 0.72 
     Feedlot 6.23 6.37   
     
Beef Flavorb     
     Pasture 5.23 4.67 0.72 0.67 
     Feedlot 4.93 4.65   
     
Off Flavorb     
     Pasture 1.12 0.89 0.38 0.45 
     Feedlot 0.72 0.84     
aP-value for interaction. 
bScores determined using a 150-mm unstructured line scale where 0 = a very low 
degree of the trait given (dry, tough, not chewy, no beef flavor, no off flavor) and 
15 = a very high degree of the trait given (juicy, tender, very chewy, intense beef 
flavor, intense off flavor). 
 
 
 
97 
 
Implications 
 
 Beef steaks from feedlot-finished steers are redder in color than steaks from 
pasture-finished steers, which might impact consumer preference when evaluating steaks 
in the retail case.  Results from this study suggest that supplementing steers prior to 
harvest with 25-OH D3 may affect the tenderness of muscles differentially when 
evaluated by a sensory panel.  In addition, a lack of difference between pasture- and 
feedlot-finished steers in this study in regards to tenderness and flavor could indicate that 
feeding pasture-finished cattle with a distillers’ grain product may mitigate previously 
reported differences in tenderness and flavor between grass- and grain-fed cattle. 
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ABSTRACT 
British breed beef steers (n = 48; 370 kg) were assigned to pasture or feedlot diets 
and one of two concentrations of 25-hydroxyvitamin D3 (25-OH D3; 0 or 500 mg) to 
evaluate 25-OH D3 supplementation effects on performance, carcass traits, and fatty acid 
composition. Pasture-finished cattle received 6.8 kg/hd per day of a pelleted diet 
containing dried distillers’ grains, wheat middlings, and soy hulls. The feedlot diet 
contained 10% wet distillers’ grains. Steers were harvested after 112, 133, or 154 d on 
feed (DOF) to minimize 12th rib fat differences. Steers (n = 24) received 25-OH D3 
boluses orally 7 d prior to assigned harvest date. At harvest, carcass data and longissimus, 
semimembranosus, and gracilis muscles were collected for analysis. At harvest, feedlot 
steers were heavier (P = 0.0370; 584 kg; 132 DOF) than pasture-fed steers (563 kg; 130 
DOF) and had greater ADG (P < 0.0001; 1.74 vs. 1.51 kg/d). Pasture-fed steers had less 
(P < 0.0001) 12th rib fat and (P = 0.0108) kidney, pelvic, and heart fat as well as lower 
(P = 0.0141) marbling scores than did feedlot steers (Slight45 vs. Slight90). Lipid 
percentage differed by muscle (P < 0.0001) as gracilis had the least lipid followed by 
semimembranosus and longissimus (1.54, 1.94, and 2.54% of wet tissue, respectively). 
Pasture-fed steers had greater longissimus C18:2 cis-9, trans-11 (CLA; 0.95 mg/100 mg 
lipid) and C18:3n3 concentrations (0.63 mg/100 mg lipid; P < 0.0001) than did feedlot 
steers (0.19 and 0.26 mg/100 mg lipid, respectively). Feedlot steers generally had greater 
monounsaturated fatty acid percentages, except for C18:1 trans-9 and trans-11 isomers. 
Supplementation with 25-OH D3 had very little impact on the fatty acid profiles and fatty 
acid content.  In regard to total fatty acid content, steaks from feedlot finished steers had 
greater monounsaturated fatty acid content and less CLA than did steaks from pasture-
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finished steers.  Data indicate it is possible to finish steers on pasture by supplementing 
with distillers’ co-products without substantially increasing time needed to reach market 
weight and still maintain increased CLA concentrations and total CLA content as 
compared with feedlot-finished steers.  
KEYWORDS:  Beef, distillers’ grains, pasture-finished, conjugated linoleic acid 
INTRODUCTION 
 
 Interest in grass-finished beef in the U.S. is increasing, and this interest may be 
partially attributed to the perceived improvement in healthfulness of beef from cattle 
raised on grass, as these cattle have altered fatty acid profiles compared with grain-
finished cattle.  One fatty acid that is increased in grass-fed cattle is conjugated linoleic 
acid (CLA; Noci et al., 2005; Griswold et al., 2003; French et al., 2000).  This fatty acid 
has been reported to have anti-atherogenic, anti-inflammatory, anti-adipogenic, and anti-
carcinogenic properties, which makes it appealing to consumers from a human health 
standpoint (for review see Bhattacharya et al., 2006).   
 Finishing cattle in a grass-based system can take longer periods of time than 
traditional finishing regimens.  Supplementation of cattle in a grass-based system with 
high-energy feeds may help limit the number of days cattle need to be on feed, making 
the system more profitable and manageable for the producer.  Distillers’ co-products may 
be one supplemental feedstuff that could be incorporated into these grazing systems.  The 
effect of supplementing cattle on pasture with distillers’ co-products and its impact on the 
fatty acid composition of beef from those cattle, however, is not documented.   
Additionally, because beef from pasture-finished cattle has been reported to be 
less tender than beef from grain-finished beef (Bowling et al., 1977; Schaake et al., 
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1993), strategies to improve tenderness of pasture-finished beef could be beneficial.  The 
use of 25-OH D3 is one potential method to improve tenderness, through increasing 
calcium concentrations to cause further activation of the calpain system of proteolysis 
(Foote et al., 2004; Wertz et al., 2004).  Any effects of 25-OH D3 on fatty acid 
composition, however, are not documented. 
Therefore, the objectives of this research were to evaluate the fatty acid 
composition of beef from pasture-finished cattle that had been supplemented with a 
distillers’ co-product and also to evaluate if 25-hydroxyvitamin D3 supplementation prior 
to harvest impacted fatty acid composition. 
MATERIALS AND METHODS 
Animals and experimental treatments 
All procedures involving animals were approved by the Institutional Animal Care 
and Use Committee at Iowa State University (approval # 5-06-6142-B). 
British breed beef steers (n=48; 370 ± 23-kg) were assigned randomly to one of 
four treatments.  Experimental design was a 2 x 2 factorial treatment structure with two 
feeding regimens (feedlot or pasture-fed) and two concentrations of 25-hydroxyvitamin 
D3 (0 or 500-mg) administered via oral bolus at 7 d prior to harvest.  Steers were assigned 
to harvest date according to ultrasound 12th rib fat thickness, and harvest date was used as 
a blocking factor. 
At initiation of the study, steers were implanted with Component TE-S (120 mg 
trenbolone acetate, 24 mg estradiol, and 29 mg tylosin tartrate as a local antibacterial; 
VetLife by Ivy Laboratories, Overland Park, KS 66214) on d 0 of the study.  Twenty-four 
(n = 24) of the steers were placed at the Iowa State University Beef Nutrition Farm and 
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fed a finishing ration (Table 1) delivered once daily at 0800 h.  Steers were housed in an 
outside lot with a windbreak. 
Table 1.  Composition of diet fed to feedlot steers. 
Feed Ingredient % of diet, DMB 
Dry rolled corn 72.965% 
Wet distillers’ grain 10.000% 
Corn silage 9.955% 
Ground hay – brome 2.500% 
Urea 1.474% 
Potassium chloride 0.966% 
Limestone 0.966% 
Salt 0.300% 
Vitamin A 0.080% 
Trace mineral premixa 0.024% 
Rumensin 80b 0.020% 
Molasses 0.750% 
Total 100.000% 
a11.8 to 14.2% Ca (calcium carbonate); >1.5% Cu (copper sulfate); >10.0% Fe 
(ferrous carbonate and ferrous sulfate); >8.0% Mn (manganous oxide); 12.0% Zn 
(zinc oxide); 1000 ppm Co (cobalt carbonate); and 2000 ppm I (ethylenediamine 
dihydroiodide). 
bProvided 35.2 mg/kg (DM basis) of monensin (Elanco Animal Health, 
Indianapolis, IN). 
 
 
The remaining steers (n = 24) continuously grazed 9.7 ha of mixed grass pasture 
(primarily bromegrass) at the Iowa State University Western Research and 
Demonstration Farm, Castana, IA and were supplemented with a pelleted product 
composed of distillers’ grains, wheat middlings, and soy hulls at the initial rate of 4.5 
kg/d per steer, and fed once daily at 0700 h (Table 2).  Nitrogen fertilizer had been 
applied to the pasture in the spring prior to grazing.  Also, steers were offered a free 
choice mineral/vitamin block that supplied 80-200 mg monensin/d per steer when 
consumed at a rate of 0.09-0.23 kg/d (Table 3; Sweetlix Livestock Supplement System, 
Mankato, MN 56002).  Because of dry weather and decreased pasture availability, the 
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supplement was increased to 6.8 kg/d per steer after 60 d until the conclusion of the 
study. 
Table 2.  Composition and calculated analysis of a by-product feed mix. 
Composition % (DMB) 
Dried distillers’ grains with solubles 50.0 
Soy hulls 25.0 
Wheat midds 20.9 
Molasses 2.5 
Calcium carbonate 1.6 
Total 100.0 
  
Calculated Analysis % 
Dry matter, % 90.1 
Crude protein, % (DMB) 21.8 
Calcium, % (DMB) 0.94 
Phosphorus, % (DMB) 0.67 
NE m 0.91 
NE g 0.61 
TDN, % (DMB) 85.9 
  
Table 3.  Mineral/vitamin block analysis. 
Ingredient Content (air dry basis) 
Monensin (as monensin sodium) 880 mg/kg 
Calcium (min-max) 4.70-5.70% 
Phosphorus (min) 4.00% 
Salt (min-max) 16.60-19.90% 
Magnesium (min) 0.20% 
Potassium (min) 1.50% 
Iodine (min) 140 ppm 
Copper (min) 1000 ppm 
Selenium (min) 13.3 ppm 
Zinc (min) 4000 ppm 
Vitamin A (min) 220,000 IU/kg 
Vitamin D3 (min) 55,000 IU/kg 
Vitamin E (min) 55 IU/kg 
 
Ultrasound monitoring 
Steers were weighed and monitored for 12th rib fat thickness every 21 d beginning 
June 21 by ultrasound with an Aloka SSD-500V with a 3.5-MHz, 17-cm transducer 
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(Corometrics Medical Systems, Wallingford, CT).  A trained individual scanned the 
cattle between the 12th and 13th ribs and evaluated the images.  Prior to scanning, hair was 
clipped to less than 1.27 cm over the 11th, 12th, and 13th ribs and vegetable oil was applied 
as a couplant for the transducer and standoff guide. 
Carcass data and meat sample collection 
After 90 d on the respective feeding regimens, ultrasound image evaluation 
indicated that a number of steers were nearing 1 cm of 12th rib fat.  At this time, steers 
were designated to one of three harvest dates (3 weeks apart) based on estimated 12th rib 
fat thickness.  On d 7 prior to harvest, treatment steers received boluses to deliver a total 
of 500 mg of 25-OH D3 (ROVIMIX® Hy·D® 1.25% (1.25% 25-hydroxyvitamin D3), 
DSM Nutritional Products, Ames, IA).  Control steers received a similar number of 
boluses of cornstarch.   
Steers were harvested at a commercial facility.  At 48 hr post-mortem, the strip 
loin (IMPS 180; longissimus muscle) and the inside round (IMPS 168; semimembranosus 
and gracilis) from each carcass were individually identified and collected for further 
analyses.  After transport to the Iowa State University Meats Laboratory, the longissimus, 
semimembranosus, and gracilis were dissected and cut into 2.54-cm steaks.  Steaks that 
had been aged 3 d were then frozen at -20°C until further analysis.   
Fatty acid analysis 
Lipid extraction 
 Lipid extraction was conducted by weighing 2 g of finely chopped tissue into a 
50-mL capped tube to which 17.0 mL of 3.5:1 methanol:water (v:v) was added and then 
vortexed for 15 sec.  To this, 6.5 mL of chloroform was added, vortexed for 20 sec, and 
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shaken on a wrist-action shaker (Model 75 wrist action shaker, Burrell Scientific, 
Pittsburgh, PA, USA) for 1 hr.  After shaking, 7.5 mL chloroform, and 7.5 mL aqueous 
0.37% potassium chloride were added and the tubes inverted 3 times prior to 
centrifugation at 500 x g for 20 min.  The upper aqueous layer was then removed by 
aspiration and 10 mL of aqueous 0.37% (wt/vol) potassium chloride was added.  Tubes 
were inverted 3 times and centrifuged at 500 x g for 20 min.  The upper aqueous layer 
was removed by aspiration, and the remainder was filtered into a weighed, chloroform-
rinsed scintillation vial by using a Buchner funnel and suction flask.  Samples were 
filtered (Cat. No. 1822 042, 42.5mm dia; Whatman International Ltd, Maidstone, 
England) into scintillation vials.  Scintillation vials were placed into a concentrator 
(Sample Concentrator SC/48R, Brinkmann, USA) and dried under nitrogen at 50°C.  
Vials were weighed after cooling to calculate lipid percentage.  All extractions were 
completed in triplicate. 
Esterification 
 After lipid extraction, 10 mg of lipid was weighed into a 10-mL centrifuge tube 
and 2 mL of methanol and 200 µL of sodium methoxide were added.  Tubes were purged 
with nitrogen, capped, and vortexed for 5 sec.  The samples then were heated in a dry 
bath for 20 min.  After cooling to room temperature, 200 µL of 1 M HCl was added to 
stop the reaction.  Then, 2 mL of 4% (wt/vol) K2CO3 and 2 mL of hexanes were added, 
and the tubes were purged with nitrogen and vortexed for 20 sec.  Tubes were then 
centrifuged for 15 min at 500 x g.  The lower aqueous layer was removed after 
centrifugation, and the top layer rinsed with 3 mL of distilled water.  The tubes were 
again purged with nitrogen, vortexed for 10 sec, and centrifuged at 500 x g for 20 min.  
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Then, 1 mL of the upper layer was aspirated into a vial for subsequent analysis by gas 
chromatography.  Vials were stored at -20°C until analysis. 
Gas Chromatography 
 Fatty acid methyl esters were analyzed using a Varian 3350 gas chromatograph 
(Varian Instruments) equipped with a SP™-2380 fused silica capillary column (30 m x 
0.25 mm x 0.2 um film thickness; Supelco, Bellefonte, PA) and a Varian autosampler.  
The detector temperature was kept at 220°C.  Initial column temperature was 70°C 
increasing at 13°C/min to 175°C which was held for 37 min and then increased at 4°C/m 
to 215°C and held for 28 min.  The total run time was 77 min, and the carrier gas was 
helium.  Individual fatty acids were identified by comparison to standards (Nu-chek Prep, 
Inc., Elysian, MN). 
 Fatty acid content 
 Fatty acids are reported initially as mg/100 mg of fatty acid.  Total fatty acid 
content per 100 g of tissue was calculated by using the lipid percentage and composition 
of each steak. 
Statistical analysis 
Statistical analysis was conducted using the MIXED procedure of SAS (SAS Inst. 
Inc., Cary, NC).  Data were analyzed as a split plot design with a 2 (pasture vs. feedlot) x 
2 (0-mg vs. 500-mg 25-OH D3) factorial treatment assignment for the whole plot, which 
was steer, and muscle was the subplot.  Harvest date was treated as a random variable.  
The model included diet, 25-OH D3, muscle, and the interactions thereof.  Least squares 
means were computed for all main and interaction effects.  Means were separated using 
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pair-wise t-tests (PDIFF option of SAS) if necessary.  P-values of less than 0.05 were 
considered significant. 
RESULTS AND DISCUSSION 
Carcass traits 
 Carcass data from the steers in the study are included in Table 4.  Pasture-
finished steers had less 12th rib fat, less kidney, pelvic, and heart fat, and lower marbling 
scores than feedlot-finished steers. 
Table 4.  Carcass characteristics of pasture-finished vs. feedlot-finished steers. 
Carcass Characteristic Feedlot Pasture SEM P-value 
Hot carcass weight, kg 349 343 6.7 0.32 
Longissimus muscle area, cm2 87.5 84.7 2.8 0.17 
Fat thickness, mm 8.7 6.1 0.84 < 0.0001 
Kidney, pelvic and heart fat, % 1.83 1.64 0.06 0.011 
Yield grade 2.4 2.2 0.2 0.10 
Marbling score a 390 345 31 0.014 
a Marbling score where 300 = Slight 00, 400 = Small 00, 500 = Modest 00. 
 
Lipid percentage 
 There was not evidence of a significant dietary effect on lipid percentage (P = 
0.16) as steaks from pasture-finished steers had a lipid percentage of 1.89% compared 
with 2.12% for steaks from the feedlot-finished steers (SEM = 0.21).  This result is in 
contrast to previous reports (Bowling et al., 1978) that documented that pasture-finished 
steers had significantly lower tissue lipid concentrations than did feedlot-finished steers.  
It may be that age at harvest and degree of finish had an impact on the lipid percentages 
recorded in the previous study as calves, long-yearlings, and two-year-old cattle from 
several management schemes including grain-finishing and grass-finishing were included 
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in the comparisons.  In the current study, steers were approximately the same age at 
harvest and of a similar degree of condition.   
 Although diet did not significantly impact lipid percentage, all muscles did differ 
in lipid percentage (P < 0.0001).  The gracilis muscle had the least lipid at 1.54% of the 
wet tissue weight, followed by the semimembranosus and longissimus at 1.95 and 2.54%, 
respectively (SEM = 0.23).  The difference among the muscles seems to reflect 
differences in metabolism and storage of lipids in ante-mortem muscle.  Muscles 
composed of predominantly red fibers, which are more oxidative in nature, have the 
ability to use fatty acids as fuel for metabolism.  If metabolism is high, then more fatty 
acids would be consumed, resulting in lower lipid content, which may be the case for the 
gracilis muscle as it is predominantly red in nature.  The longissimus has a significant 
white fiber type population, which may lead to less oxidation of the lipids and thus 
greater lipid content.  In the semimembranosus, fiber type varies greatly by location, and 
this location effect and preponderance of fiber type could explain the intermediate lipid 
content.  Also, the low lipid percentages recorded in this study would allow for these 
steaks to be labeled as low-fat foods (less than 3 g of fat per 100g; FDA, 2004) or lean or 
extra lean (FDA, 2003).   
Unexpectedly, supplementation of 25-OH D3 resulted in a lower lipid percentage 
(1.85%; P = 0.0446) compared with controls (2.17%) across all three muscles.  It is 
possible that this result is attributable to experimental error or variation.  We cannot 
exclude, however, the possibility that vitamin D receptors, which are present in many 
body tissues including adipose tissue, were activated by the additional 25-OH D3 and 
caused changes in lipid metabolism or transport.  Nonetheless, at this time, it would seem 
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unlikely that supplementation with 25-hydroxyvitamin D3 at 7 d prior to harvest could 
impact lipid metabolism to a significant extent. 
Fatty acid composition 
The conjugated linoleic acid (CLA) content of beef is of interest because of its 
purported health benefits, including its anti-atherogenic, anti-inflammatory, and anti-
carcinogenic traits (for review see Bhattacharya et al., 2006).  In the current study, fatty 
acid analysis revealed that CLA (C18:2 cis-9,trans-11) concentration was much greater 
(P < 0.0001) in the respective muscles of pasture-finished cattle than of feedlot-finished 
cattle (Table 6).  This finding is of importance because concentrations of CLA in pasture-
finished steers supplemented with a distillers’ co-product in this study were near 
concentrations other researchers have reported in grass-only-fed cattle (French et al., 
2000; Siebert et al., 2006).  This result indicates that co-product supplementation of 
pasture-finished steers does not decrease CLA concentrations to similar concentrations 
found in feedlot-finished cattle fed grain.  In addition, beef from pasture-finished steers 
receiving a distillers’ containing co-product will still have increased CLA concentrations 
and will likely impart similar health benefits attributed to solely grass-fed beef.  
Furthermore, these results support the findings of Siebert et al. (2006) that CLA 
concentrations decreased from around 1.0% of total fatty acid weight in cattle just 
removed from pasture to approximately 0.2% in cattle that had been fed a feedlot ration 
for over 200 d.  Nuernberg et al. (2005) also reported a significant difference in CLA 
concentrations attributable to grass- versus concentrate-based feeding strategies.  The 
concentration of CLA in the longissimus of concentrate-fed bulls in that study, however,  
was greater than feedlot-finished steers as reported in the current study (0.7% of the fatty 
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acid profile vs. 0.2% in the current study; Nuernberg et al., 2005).  Additional studies 
have also noted similar differences in tissue CLA concentration as a result of concentrate- 
versus forage-based feeding strategies (French et al., 2000; Poulson et al., 2004). 
Table 5.  Concentrations of C18:3n3 and conjugated linoleic acid (CLA) in the 
gracilis, longissimus, and semimembranosus muscles of co-product- supplemented 
pasture- and feedlot-finished beef steers. 
Diet/Muscle C18:3n3 CLA(C18:2cis-9,trans11) 
Feedlot -------------------(mg/100 mg of fatty acid)------------------------ 
  Gracilis 0.00d 0.00c 
  Longissimus 0.25c 0.19b 
  Semimembranosus 0.01d 0.02c 
SEM 0.04 0.06 
   
Pasture   
  Gracilis 0.18c 0.30b 
  Longissimus 0.63a 0.94a 
  Semimembranosus 0.41b 0.82a 
SEM 0.03 0.06 
abcMeans within a column lacking a common superscript letter are different (P < 
0.05). 
 
Interestingly, CLA has been documented to activate PPAR-γ (peroxisome 
proliferators activated receptor-γ) in the colon of mice (Bassaganya-Riera et al., 2004).  
Furthermore, PPAR-γ has been shown to be a negative regulator of adipogenesis in 
culture (Xue et al., 1996).  In muscle, the possibility is present that increased CLA 
concentrations could activate PPAR-γ, resulting in decreased adipogenesis.  Decreased 
adipogenesis would correlate with our data for marbling scores as pasture-finished steers 
had increased muscle CLA concentrations and lesser carcass marbling scores than did 
feedlot-finished steers.  It would also fit the generalization that pasture-finished cattle 
typically require more time on feed to achieve a similar degree of marbling as feedlot-
finished steers.    
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Pasture-finished cattle had greater concentrations of C18:3n3 in the longissimus 
and semimembranosus than feedlot-finished cattle, which supports the findings of Siebert 
et al. (2006).  Nuernberg et al. (2005) also reported a difference in C18:3n3 as a result of 
grass-based compared with concentrate-based feeding strategies.  The concentrations of 
C18:3n3 achieved, however, were greater in the previous study than the current study, but 
may be partially attributable to breed variation, as predominantly Angus cattle were used 
in the current study, compared with German Simmental and Holstein cattle in the 
previous study (Nuernberg et al., 2005).   
Monounsaturated fatty acids (MUFA) are considered healthy fatty acids because 
they can guard against the development of coronary heart disease (Ulbricht and 
Southgate, 1991).  Beef from both dietary treatments contained substantial amounts of 
MUFA.  Total MUFA content was greater (P = 0.0003) in feedlot-finished steers (45.72 
mg/100 mg fatty acid) than pasture-finished steers (41.40 mg/100 mg fatty acid).  This is 
in agreement with the findings of Siebert et al. (2006) who found that MUFA increased in 
steers removed from the pasture and adapted to feedlot diets.  However, the exception 
was the trans-9 and trans-11 isomers of C18:1, of which pasture-finished steers had 
greater concentrations than did feedlot-finished steers (Table 6).  This result is significant 
because the ∆9-desaturase activity in tissue could result in the greater formation of CLA 
from trans-11 vaccenic acid in vivo.  The run time used for gas chromatography did not 
allow for the separation of trans-9 and trans-11 isomers, but, given the increased 
concentrations of these isomers in concert with increased CLA, it would seem likely that 
the C18:1 trans-11 isomer was increased in tissues and then acted upon by ∆9-desaturase.   
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Table 6.  Least squares means of fatty acids (mg/100 mg of fatty acid) of steaks from 
co-product supplemented pasture- and feedlot finished beef steers. 
Fatty acid Pasture ± SEM Feedlot ± SEM 
C14:0 2.43b  ±  01.2 2.94a  ±  0.12 
C14:1 0.39b  ±  0.07 0.61b  ±  0.07 
C16:0           26.93b  ±  1.00 28.49a  ±  1.00 
C16:1 3.28b  ±  0.16 3.92a  ±  0.16 
C17:0 0.74b  ±  0.06 0.89a  ±  0.06 
C17:1 0.28b  ±  0.05 0.59a  ±  0.05 
C18:0 14.13a  ±  0.24 12.90b  ±  0.27 
C18:1(t9 and t11) 3.99a  ±  0.20 0.99b  ±  0.20 
C18:1 32.50b  ±  0.95 38.19a  ±  0.97 
C18:1(c11) 1.03b  ±  0.01 1.42a  ±  0.02 
C18:2 9.11a  ±  1.04 7.18b  ±  1.06 
Unknown 0.42a  ±  0.03 0.07b  ±  0.03 
SFAc 44.66  ±  1.10 45.31  ±  1.13 
MUFAc 41.40b  ±  1.16 45.72a  ±  1.18 
PUFAc 12.15 a ±  1.30 8.95 b ±  1.32 
abMeans within a row lacking a common superscript letter are different (P < 0.05). 
cSFA = saturated fatty acids, MUFA = monounsaturated fatty acids, and PUFA = 
polyunsaturated fatty acids. 
 
In contrast to the data for MUFA, pasture-finished cattle had greater (P = 0.0031) 
concentrations of polyunsaturated fatty acids (PUFA; 12.15 mg/100 mg of fatty acid) 
than feedlot-finished cattle (8.95 mg/100 mg of fatty acid).  This exhibits the same trend 
as reported by French et al. (2000), although the current study reports higher values.  
PUFA are commonly considered to be healthier than saturated fatty acids as PUFA 
protect against the development of coronary heart disease (Ulbricht and Southgate, 1991).  
The finding that pasture-finished cattle had greater concentrations of PUFA than did 
feedlot-finished steers would lend support to the argument that pasture-finished beef is 
healthier than grain-finished beef.   
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Table 7.  Least squares means of fatty acids (mg/100 mg fatty acid) of steaks from the 
gracilis (GR), longissimus (LM), and semimembranosus (SM) muscles of beef steers.  
Fatty acid GR LM SM SEM 
C14:0 2.34c 3.11a 2.61b 0.11 
C14:1 0.28c 0.70a 0.51b 0.06 
C15:0 0.04c 0.40a 0.12b 0.02 
C16:0 27.29 28.47 27.37 1.00 
C16:1 3.40b 3.79a 3.61a 0.16 
C17:0 0.64b 0.91a 0.88a 0.06 
C17:1 0.30c 0.56a 0.43b 0.05 
C18:0 13.83 13.69 13.03 0.30 
C18:1 35.21 34.08 36.74 1.06 
C18:1(c11) 1.32a 1.11c 1.23b 0.02 
C18:2 10.73a 6.99b 6.70b 1.03 
C20:3n6 0.24b 0.40a 0.17b 0.06 
C20:4 1.54 1.54 1.40 0.21 
Unknown 0.15b 0.38a 0.20b 0.03 
SFAc 44.22b 46.66a 44.07b 1.14 
MUFAc 42.83 42.93 44.91 1.25 
PUFAc 12.76a 9.99b 8.91b 1.27 
Atherogenic Index 0.66b 0.81a 0.70b 0.04 
abcMeans within a row lacking a common superscript letter are different (P < 0.05). 
cSFA = saturated fatty acids, MUFA = monounsaturated fatty acids, and PUFA = 
polyunsaturated fatty acids. 
 
Differences in the fatty acid profile among muscles also were documented (Table 
7).  The longissimus muscle had greater (P < 0.05) saturated fatty acid (SFA) content 
(46.66 mg/100 mg of fatty acid) than either the gracilis (44.22 mg/100 mg of fatty acid) 
or semimembranosus (44.07 mg/100 mg of fatty acid), which were not different from 
each other.  The most notable difference among the muscles was that the gracilis muscle 
had significantly greater concentrations (P < 0.05) of linoleic acid (C18:2) when 
compared with the longissimus and semimembranosus.  This result is reflected in the data 
for PUFA, which showed that the gracilis muscle had greater (P < 0.05) PUFA 
concentrations (12.75 mg/100 mg of fatty acid) than either the longissimus (9.99 mg/100 
mg of fatty acid) or semimembranosus (8.91 mg/100 mg of fatty acid).  It may be that the 
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gracilis muscle has greater ∆9- desaturase activity than the longissimus or 
semimembranosus, which could increase the polyunsaturated fatty acid content of the 
muscle.  Another possible explanation for the difference in PUFA may be that the gracilis 
is composed of primarily red fibers, which are generally smaller in diameter than white 
fibers, which are greater in the longissimus and semimembranosus.  This may result in a 
greater membrane lipid concentration in the total fatty acids, and thus increase PUFA 
compared to the other muscles where membrane lipids may be more diluted in the overall 
fatty acid profile. 
An interaction of supplementation of 25-OH D3 and muscle was noted for 
C18:1t9 and t11 isomers (Table 8).  In unsupplemented control steers, the longissimus 
muscle had greater concentrations of C18:1t9 and t11 isomers than did the gracilis and 
semimembranosus.  In steers receiving 25-OH D3, muscles did not differ in concentration 
of C18:1t9 and t11.  Also, the concentration of the isomers was not changed within 
individual muscles by supplementation with 25-OH D3. 
Table 8.  Concentrations (mg/100 mg of fatty acid) of C18:1t9 and t11 isomers in 
the gracilis (GR), longissimus (LM), and semimembranosus (SM) of steers 
receiving 0 or 500 mg of 25-hydroxyvitamin D3 on d 7 prior to harvest. 
 Dose of 25-hydroxyvitamin D3, mg  
Muscle 0 500 SEM 
Gracilis 2.31a,z 2.40a,y 0.23 
Longissimus 2.89a,y 2.57a,y 0.23 
Semimembranosus 2.15a,z 2.65a,y 0.23 
aMeans within a row with a common superscript letter are similar (P > 0.05) 
yzMeans in a column lacking a common superscript letter are different (P < 0.05).   
 
The atherogenic index was calculated by using the equation [C12:0 + (4*C14:0) + 
C16:0]/ΣMUFA + ΣPUFA (Ulbricht and Southgate, 1991).  A low atherogenic index is 
more favorable, and a value less than 1.0 is desirable for human health.  Atherogenic 
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indices did not differ (P = 0.47) between pasture- and feedlot-finished steers (0.71 vs. 
0.74 ± 0.04).  This index would not support the claim that pasture-fed beef is healthier 
than feedlot-finished beef as atherogenicity did not differ between the two dietary 
treatments.  Furthermore, supplementation with 25-hydroxyvitamin D3 did not affect (P = 
0.25) atherogenicity of steaks when compared with steaks from control steers (0.70 vs. 
0.74 ± 0.04, respectively). However, muscles differed (P = 0.0004) in atherogenic index 
with the longissimus muscle having the highest atherogenic index followed by the 
semimembranosus and gracilis, which did not differ from each other. The increased 
atherogenic index of the longissimus muscle seems to be a function of both increased 
SFA and decreased unsaturated fatty acids as compared with the other two muscles.  
Nonetheless, all atherogenic indices analyzed were less than 1.0, which are acceptable 
from a human health standpoint.  In the atherogenic index calculation, C14:0 is weighted 
heavier as it is considered to be the most atherogenic, but beef has a relatively low C14:0 
content (Ulbricht and Southgate, 1991).  Beef does contain significant amounts of C16:0, 
which can increase plasma cholesterol (Hegsted et al., 1965).  However, C18:0, which is 
also prevalent in the fatty acid profile of beef, does not increase plasma cholesterol, even 
though it is a SFA (Hegsted et al., 1965). 
Fatty acid content 
 While the composition of the lipid is important, the total content of fatty acids in 
the tissue may be even more so.  The most prevalent fatty acids in tissue include C16:0 
and C18:1 as well as C18:2.  In beef from pasture-finished steers, total CLA content was 
greater (P < 0.0001) than in beef from feedlot-finished steers (Table 9).   Also, total CLA 
content varies by muscle as the longissimus muscle had the greatest (P < 0.0001) 
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concentrations of the muscles evaluated in the current study (Table 10).  The CLA 
consumed in a 100-g serving of beef at approximately 14 mg, however, would still be far 
less than the 1.8 to 6.8 g/d doses given to human subjects for weight loss or control 
(Thom et al., 2001; Blankson et al., 2000).  Nonetheless, Ip et al. (1994) stated that CLA 
concentrations consumed in the normal human diet from meat and milk products would 
still likely impart anticancer effects.  Furthermore, in rats, CLA fed at 0.1% of BW or less 
in the diet was able to decrease mammary tumor yield (Ip et al., 1994).  In humans, 
consumption of 0.1% CLA in the diet on a body weight basis would be approximately 
equivalent to 3.5 g per day.   
 
Table 9.  Least squares means of fatty acids (mg/100 g of tissue) of steaks from co-
product supplemented pasture- and feedlot finished beef steers. 
Fatty acid Pasture ± SEM Feedlot ± SEM 
C14:0 49.2 ± 6.3b 64.6 ± 6.4a 
C14:1 8.6 ± 1.8b 14.4 ± 1.8a 
C15:0 4.3 ± 0.8 4.9 ± 0.8 
C16:0 534.7 ± 77.9 609.8 ± 78.8 
C16:1 65.8 ± 10.1 84.4 ± 10.2 
C17:0 15.5 ± 2.7 20.1 ± 2.8 
C17:1 6.5 ± 1.8b 13.7 ± 1.9a 
C18:0 280.7 ± 32.5 273.39 ± 33.1 
C18:1(t9 and t11) 81.5 ± 9.7a 21.2 ± 9.9b 
C18:1 and C18:1(c11) 626.8 ± 82.8b 858.0 ± 83.8a 
C18:2 147.5 ± 4.0 140.4 ± 5.3 
CLA (C18:2c9,t11) 14.9 ± 2.1a 1.5 ± 2.2b 
C18:3n3 8.0 ± 0.6a 2.4 ± 0.6b 
C20:3n6 5.4 ± 0.7 4.4 ± 0.7 
C20:4 26.9 ± 2.4 26.8 ± 2.5 
SFAc 884.8 ± 119.4 972.4 ± 120.9 
MUFAc 789.4 ± 102.7b 990.6 ± 104.0a 
PUFAc 204.6 ± 9.6 175.1 ± 10.3 
abMeans within a row lacking a common superscript letter are different (P < 0.05). 
cSFA = saturated fatty acids, MUFA = monounsaturated fatty acids, and PUFA = 
polyunsaturated fatty acids. 
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Omega-3 fatty acids also have purported health benefits such as decreasing the 
incidence of heart disease and improving brain function and mental health (for review see 
Ruxton et al., 2007).  In the current study, beef from pasture-finished steers has greater (P 
< 0.0001) content of C18:3n3 than beef from feedlot-finished steers (Table 9).  Similar to 
CLA, content of C18:3n3 was also greater (P < 0.0001) in the longissimus muscle than in 
the gracilis and semimembranosus (Table 10).  Nonetheless, consumption of 100 g of 
beef would not be sufficient to meet the alpha-linolenic acid (C18:3) Dietary Reference 
Intake of 1.1 g/d for women or 1.6 g/d for adult men (National Academy of Sciences, 
2002).  The data presented are for raw product, and cooking may affect the 
concentrations.  Lorenzen et al. (2007) reported slightly lower values for CLA in cooked 
beef longissimus, semimembranosus, and triceps brachii than for raw tissue.  In contrast, 
Knight et al. (2004) reported that cooking increased the total fatty acids and lipids in the 
dry matter of lamb longissimus muscle. 
Supplementation with 25-OH D3 had very little effect, if any, on the fatty acid 
profiles of the longissimus, gracilis and semimembranosus muscles of pasture- and 
feedlot-finished beef steers.  This result would indicate that if 25-OH D3 is used as a 
means to improve beef tenderness, the healthfulness of beef would not be affected.  It 
may be possible that 25-hydroxyvitamin D3 supplementation could impact the lipid 
percentage or total lipid content of the tissue; however, further study is needed to confirm 
this effect. 
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Table 10.  Least squares means of fatty acids (mg/100 g tissue) of steaks from the 
gracilis (GR), longissimus (LM), and semimembranosus (SM) muscles of beef steers.  
Fatty acid GR LM SM SEM 
C14:0 37.0c 80.5a 53.2b 6.9 
C14:1 4.8c 18.5a 11.2b 1.8 
C15:0 1.1b 10.4a 2.4b 0.8 
C16:0 422.9c 738.7a 555.2b 82.1 
C16:1 53.5c 99.0a 72.7b 10.5 
C17:0 11.0c 24.2a 18.3b 2.9 
C17:1 5.3c 15.1a 9.8b 1.8 
C18:0 213.8 356.9 260.4 35.3 
C18:1 and C18:1(c11) 573.4b 886.2a 767.6a 90.4 
C18:1 t9 and t11 37.2b 71.3a 45.6b 10.1 
C18:2 149.2ab 160.9a 121.8b 8.4 
CLA (C18:2c9,t11) 2.6c 14.4a 7.6b 2.2 
C18:3n3 1.7b 10.6a 3.3b 0.7 
C20:3n6 3.0b 9.2a 2.5b 0.8 
C20:4 21.6b 34.7a 24.2b 2.8 
SFAc 685.5b 1210.5a 889.9b 127.5 
MUFAc 673.5b 1089.4a 907.0a 110.7 
PUFAc 178.6b 230.9a 160.0b 12.7 
abcMeans within a row lacking a common superscript letter are different (P < 0.05). 
cSFA = saturated fatty acids, MUFA = monounsaturated fatty acids, and PUFA = 
polyunsaturated fatty acids. 
 
Implications 
 Steers finished on pasture that received a distillers’ co-product supplement had 
increased tissue CLA and C18:3n3 concentrations compared with feedlot-finished steers.  
Furthermore, pasture-finished steers had a greater percentage of fatty acids as PUFA.  
Additionally, this study documents that the atherogenic index of beef from both pasture- 
and feedlot-finished steers is low and therefore favorable.  A low atherogenic index could 
be translated into positive impacts on human health.  Muscle metabolism also may have 
an impact on fatty acid profile and content as differences were documented among the 
longissimus, gracilis, and semimembranosus in this study.  In addition, supplementing 
beef steers with 25-hydroxyvitamin D3 prior to harvest does not significantly impact the 
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fatty acid profile.  Supplementing cattle on pasture with distillers’ grains could benefit 
beef producers by limiting the number of days required to finish steers on pasture and 
making use of readily available feedstuffs that could thereby increase profits.   
LITERATURE CITED 
Bassaganya-Riera, J., K. Reynolds, S. Martino-Catt, Y. Cui, L. Hennighausen, F. 
Gonzalez, J. Rohrer, A.U. Benninghoff, and R. Hontecillas.  2004.  Activation of 
PPAR γ and δ by conjugated linoleic acid mediates protection from experimental 
inflammatory bowel disease.  Gastroenterology  127:777-791. 
 
Bhattacharya, A., J. Banu, M. Rahman, J. Causey, and G. Fernandes.  2006.  Biological 
effects of conjugated linoleic acids in health and disease.  J. Nutr. Biochem.  
17:789-810. 
 
Blankson, H., J.A. Stakkestad, H. Fagertun, E. Thom, J. Wadstein, and O. Gudmundsen.  
2000.  Conjugated linoleic acid reduces body fat mass in overweight and obese 
humans.  J. Nutr.  130:2943-2948. 
 
Bowling, R.A., J.K. Riggs, G.C. Smith, Z.L. Carpenter, R.L. Reddish, and O.D. Butler.  
1978.  Production, carcass and palatability characteristics of steers produced by 
different management systems.  J. Anim. Sci.  46:333-340. 
 
Bowling, R.A., G.C. Smith, Z.L. Carpenter, T.R. Dutson, and W.M. Oliver.  1977.  
Comparison of forage-finished and grain-finished beef carcasses.  J. Anim. Sci.  
45:209-215. 
 
FDA.  2004.  A food labeling guide: Appendix A.  Available online: 
http://www.cfsan.fda.gov/~dms/flg-6a.html.  Accessed August 24, 2007.   
 
FDA.  2003.  FDA/CFSAN FDA Backgrounder: The food label.  Available online:  
http://www.cfsan.fda.gov/~dms/fdnewlab.html.  Accessed August 29, 2007. 
 
Foote, M.R., R.L. Horst, E.J. Huff-Lonergan, A.H. Trenkle, F.C. Parrish, Jr., and D.C. 
Beitz.  2004.  The use of vitamin D3 and its metabolites to improve beef tenderness.  
J. Anim. Sci.  82:242-249.   
 
French, P., C. Stanton, F. Lawless, E.G. O’Riordan, F.J. Monahan, P.J. Caffrey, and A.P. 
Moloney.  2000.  Fatty acid composition, including conjugated linoleic acid, of 
intramuscular fat from steers offered grazed grass, grass silage, or concentrate-based 
diets.  J. Anim. Sci.  78:2849-2855. 
 
122 
 
Griswold, K.E., G.A. Apgar, R.A. Robinson, B.N. Jacobson, D. Johnson, and H.D. 
Woody.  2003.  Effectiveness of short-term feeding strategies for altering 
conjugated linoleic acid content of beef.  J. Anim. Sci.  81:1862-1871. 
 
Hegsted, D.M., R.B. McGandy, M.L. Myers, and F.J. Stare.  1965.  Quantitative effects 
of dietary fat on serum cholesterol in man.  Am. J. Clin. Nutr.  17:281-295. 
 
Knight, T.W., S.O. Knowles, A.F. Death, T.L. Cummings, and P.D. Muir.  2004.  
Conservation of conjugated linoleic acid, trans-vaccenic acid and long chain 
omega-3 fatty acid content in raw and cooked lamb from two cross-breeds.  New 
Zealand J. Agricultural Research  47(2):129-135. 
 
Lorenzen, C.L., J.W. Golden, F.A. Martz, I.U. Grün, M.R. Ellersieck, J.R. Gerrish, and 
K.C. Moore.  2007.  Conjugated linoleic acid content of beef differs by feeding 
regime and muscle.  Meat Sci.  75:159-167. 
 
National Academy of Sciences.  2002.  Dietary Reference Intakes: Recommended intakes 
for individuals, macronutrients.  The National Academies Press.  Washington, DC. 
 
Noci, F., F.J. Monahan, P. French, and A.P. Moloney.  2005.  The fatty acid composition 
of muscle, fat and subcutaneous adipose tissue of pasture-fed beef heifers: 
influence of the duration of grazing.  J. Anim. Sci.  83:1167-1178. 
 
Nuernberg, K., D. Dannenberger, G. Nuernberg, K. Ender, J. Voigt, N.D. Scollan, J.D. 
Wood, G.R. Nute, and R.I. Richardson.  2005.  Effect of a grass-based and a 
concentrate feeding system on meat quality characteristics and fatty acid 
composition of longissimus muscle in different cattle breeds.  Livest. Prod. Sci.  
94:137-147. 
 
Poulson, C.S., T.R. Dhiman, A.L. Ure, D. Cornforth, and K.C. Olson.  2004.  Conjugated 
linoleic acid content of beef from cattle fed diets containing high grain, CLA, or 
raised on forages.  Livest. Prod. Sci.  91:117-128. 
 
Ruxton, C.H.S., S.C. Reed, M.J.A. Simpson, and K.J. Millington.  2007.  The health 
benefits of omega-3 polyunsaturated fatty acids: a review of the evidence.  J. Hum. 
Nutr. Diet.  20:275-285. 
 
Schaake, S.L., G.C. Skelley, E. Halpin, L.W. Grimes, R.B. Brown, D.L. Cross, and C.E. 
Thompson.  1993.  Carcass and meat sensory traits of steers finished on fescue and 
clover, summer forage, or for different periods in drylot.  J. Anim. Sci.  71:3199-
3205. 
 
Siebert, B.D., Z.A. Kruk, J. Davis, W.S. Pitchford, G.S. Harper, and C.D.K. Bottema.  
2006.  Effect of low vitamin A status on fat deposition and fatty acid desaturation in 
beef cattle.  Lipids  41:365-370. 
123 
 
 
Thom, E., J. Wadstein, and O. Gudmundsen.  2001.  Conjugated linoleic acid reduces 
body fat in healthy exercising humans.  J. Int. Med. Res.  29:392-396. 
 
Ulbricht, T.L.V. and D.A.T. Southgate.  1991.  Coronary heart disease: seven dietary 
factors.  Lancet  338(8773):985-992. 
 
Wertz, A.E., T.J. Knight, A. Trenkle, R. Sonon, R.L. Horst, E.J. Huff-Lonergan, and D.C. 
Beitz.  2004.  Feeding 25-hydroxyvitamin D3 to improve beef tenderness.  J. Anim. 
Sci.  82:1410-1418. 
 
Xue, J., E.J. Schwarz, A. Chawla, and M.A. Lazar.  1996.  Distinct stages in adipogenesis 
revealed by retinoid inhibition of differentiation after induction of PPAR-γ.  Mole. 
Cell. Biol.  16:1567-1575. 
 
124 
 
CHAPTER VI 
 
TECHNICAL NOTE: EVALUATION OF MUSCLE CALCIUM 
 
 
 
A manuscript to be submitted to the Journal of Animal Science 
 
 
 
 
 
 
R.C. Knock*, A.H. Trenkle*, E. J. Huff-Lonergan*, P. M. Dixon†, and D. C. Beitz2 
 
*Department of Animal Science, Iowa State University, Ames, IA 50011 
 
†Department of Statistics, Iowa State University, Ames, IA 50011 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1Correspondence:  313 Kildee Hall, Ames  Phone: (515)294-5626; Fax: (515)294-6445;  
E-mail:  dcbeitz@iastate.edu 
3The authors acknowledge Derrel Hoy and Duane Zimmerman at the National Animal 
Disease Center for their assistance with laboratory analyses. 
125 
 
ABSTRACT 
 Previous reports of muscle calcium concentrations are highly variable.  Some 
variation is likely attributable to procedural differences.  Therefore, the objective of this 
experiment was to compare dry-ashing and wet-ashing procedures for muscle calcium 
analysis.  Twenty-four beef longissimus samples were aged 3 d and then finely chopped 
before analysis by both dry-ashing and wet-ashing.  Analysis indicated that dry-ashing 
resulted in lower values (P = 0.0002; 2.01 ug/g of wet tissue) compared with wet-ashing 
(2.88 ug/g of wet tissue).  However, variability was similar (P = 0.3349) between the two 
methods.  Correlation analysis showed the methods were somewhat correlated (P = 
0.0525), with an R2 value of 0.1662.  Calculations conducted for this study indicate that 
values for muscle calcium should be in the low ug/g of wet tissue.  In addition, careful 
attention to dilution factors is critical to obtaining accurate values for muscle calcium 
procedures.  Given the increased laboratory safety risks with the wet-ashing procedure 
and that the dry-ashing procedure is not more variable, the dry-ashing procedure may be 
more favorable to use for tissue calcium analysis.   
Keywords: beef, calcium, dry-ashing, wet-ashing 
INTRODUCTION 
 It is readily accepted that plasma calcium values in cattle are in the range of 8-12 
mg/dL.  This value can be used to evaluate the calcium status of the animal and make 
inferences about hormonal status in regard to vitamin D and its metabolites as well as 
parathyroid hormone.  It has been hypothesized that supplementation of cattle prior to 
harvest with vitamin D metabolites could lead to improved tenderness because calcium 
absorption from the intestine (Ganong, 2005) is increased, and this, in turn, may lead to 
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increased muscle calcium concentrations and further activation of the calpain system of 
proteolysis.  The range in reported values for muscle calcium concentrations, however, is 
staggering.  Some variability among the studies is undoubtedly attributable to procedural 
differences and normal error, but more than a one-hundred fold difference should not be 
simply attributable to procedural differences and experimental error.  Therefore, the 
objective of this research was to compare two methods, wet-ashing and dry-ashing, for 
evaluation of tissue calcium concentrations in beef steaks. 
MATERIALS AND METHODS 
Raw Materials 
 Twenty-four longissimus muscle samples from beef steers were used for analysis 
of muscle calcium.  All samples were aged 3 d postmortem and stored at -20°C prior to 
analysis.  Samples then were chopped finely by using a food chopper prior to being 
weighed for analysis.  Samples were stirred to incorporate any purge into the sample 
prior to being weighed. 
Wet-ashing 
 All glassware was washed with 2 N HCl before use.  Briefly, duplicate 3 g 
samples were weighed into acid-washed beakers.  Ten mL of concentrated nitric acid 
were added to the beakers, which were covered with watchglasses and allowed to sit 
overnight.  After approximately 12 h, 3 mL of concentrated H2SO4 were added to the 
samples and then heated on a hot plate for 1 h at low heat.  The heat then was increased 
to medium-high heat, and 5 mL of HNO3 were added as samples turned black.  When 
white fumes began to evolve, heat was turned to high and the samples were cooked to 
approximately 2-3 mL.  Samples then were standardized to 25-mL in volumetric flasks 
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with distilled, deionized water.  Samples were analyzed on an AAnalyst 200 atomic 
absorption spectrophotometer (Perkin-Elmer, Waltham, Massachusetts 02451 USA) 
calibrated with standards for 0, 5, 10, and 15 mg Ca/dL. 
Dry-ashing 
 Crucibles were soaked in 3 N hydrochloric acid overnight and rinsed with 
distilled, deionized water prior to use.  Duplicate 5-g samples were weighed into a 
crucible and dried in a drying oven (Thelco Model 16; Precision Scientific; 
Winchester, VA) at 100°C overnight.  Samples were cooled, weighed, and then ashed in 
a muffle furnace (Fisher Isotemp Muffle Furnace Model 186; Fisher Scientific; 
Pittsburgh, PA) at 600°C for 18 h.  After allowing samples to cool, samples were diluted 
in 3 N HCl to a volume of 25 mL.  Samples were analyzed on an AAnalyst 200 atomic 
absorption spectrophotometer (Perkin-Elmer, Waltham, Massachusetts 02451 USA) 
calibrated with standards for 0, 5, 10, and 15 mg Ca/dL. 
Statistical Analysis 
 Sample means for dry-ashing were plotted against sample means for wet-ashing.  
A paired t-test was used to compare the means from wet-ashing and dry-ashing 
procedures for muscle calcium analysis.  In addition, the variance between duplicates 
within each procedure was analyzed by a paired t-test.  This was evaluated by calculating 
the absolute difference between the duplicate samples and conducting a paired t-test.  
PROC UNIVARIATE in SAS (SAS Institute, Cary, NJ) was utilized for statistical 
analysis.  PROC CORR was used for correlation analysis.  
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RESULTS AND DISCUSSION 
 The means of dry-ashing and wet-ashing were significantly different (P = 
0.0002), with dry-ashing resulting in a mean calcium concentration of 2.01 µg/g of wet 
tissue and wet-ashing resulting in a mean calcium concentration of 2.88 µg/g of wet 
tissue.  The variability between the wet-ashing and dry-ashing procedures, however, was 
not different (P = 0.33).  The analysis indicates that dry-ashing will give a lower 
concentration than wet-ashing, but both have similar variability.  
Calcium content (ug/g of wet tissue) comparing wet ashing to dry ashing
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Figure 1.  Comparison of wet- vs. dry-ashing procedures for muscle calcium in ug/g of 
wet tissue. 
 
Correlation analysis indicated that correlation between the two procedures was 
nearly significant at P = 0.0535 and an r-value of 0.41.  
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The values for muscle calcium concentrations reported in previous literature are 
included in Table 1.  The values have been converted to µg of Ca/g of wet tissue if that 
was not how the data were reported in the original work.  These conversions were made 
with certain assumptions from the previous work, such as methodology and estimates of 
dry matter percentage if results were reported on a DM basis.   
Table 1.  Values for muscle calcium as reported in previous research and the calculated 
µg of Ca/g of wet tissue. 
Studybcdef Reported values µg Ca/g wet tissuea 
Montgomery et al. (2004b)d 6.46-7.51 mg/100 g wet tissue 64.6-75.1 
Montgomery et al. (2002)b 48.6-77.9 mg/100g 486-779  
Montgomery et al. (2004a)d 6.69-8.89 mg/100 g wet 66.9-88.9  
Swanek et al. (1999)c 13.9-19.9 ug/g 13.9-19.9  
Foote et al. (2004)b 0.099-0.130 mg/g dry tissue 24.75-32.5 
Wertz et al. (2004)c 4.4-9.4 ug water soluble/g 4.4-9.4 
Rider Sell et al. (2004)c 154-183 ug/g fresh 154-183 
Carnagey (2006)c 220-500 ug/g fresh 220-500 
Cho et al. (2006)e 8.9-9.9 ug/g as-is 8.9-9.9 
Tipton et al. (2006)c 16.8-21.3 ug/g 16.8-21.3 
Hanson et al. (2006)b   
    longissimus 28-39 ug/g  
    semitendinosus 6.56-6.8 ug/g  
Polidori et al. (2001)f 12.9 ug/g 12.9 
Lawrie and Ledward (2006)f 5.4 mg/100 g 54 
T.E. Lawrence et al. (2003)b 77.3 ug/g muscle tissue 77.3 
R.W. Lawrence et al.(2005)e 528.8-554.5 ug/g fresh muscle 528.8-554.5 
G. Whipple et al. (1990)c 8.6-10.8 ug/g 8.6-10.8 
current studybc 2.01-2.88 ug/g wet tissue 2.01-2.88 
Ca for calpain activation   
  50 µmol (µ-calpain)  2 
  800 µmol (m-calpain)  32 
aEstimates are based on the procedure used and how data was reported in the original 
work.  If reported on a dry basis, 75% moisture was used to put on a wet tissue basis. 
bcdefMethod used: b = dry ashing, c = wet ashing, d = combination of wet- and dry-
ashing, e = Ca-selective electrode with ion meter,  f = unknown or unclear. 
 
 A number of methods have been used for muscle calcium analysis in previous 
research, including wet-ashing, dry-ashing, and using pulverized tissue frozen in liquid 
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nitrogen for either dry- or wet-ashing.  Previous reports for muscle calcium are also 
highly variable.  Some the inconsistencies in these reports may be attributable to 
inconsistencies or confusion in calculations from mg/dL, as is often read on the 
spectrophotometer, to µg of Ca/g of wet tissue weight.  If the spectrophotometer is 
calibrated for plasma samples at 5, 10, and 15 mg/dL and the plasma samples are diluted 
100 µL plasma into 5 mL of 0.1% lanthanum oxide, a dilution factor of 51 must be 
included in calculations, if the muscle samples are read as-is.  Given a reading of 1.525 
mg/dL for a sample containing 3.00 g of tissue, diluted to 25 mL, and the standards 
prepared as previously mentioned, the calculations should be as follows: 
 
(1.525 mg/100 mL) * (25 mL/3 g wet tissue) * (1000 µg/1 mg) * (1/51) = 2.49 µg of Ca/g 
of wet tissue 
 
If the dilution factor is inadvertently left out, then the calculation and final concentration 
appear as follows: 
 
(1.525 mg/100 mL) * (25 mL/3 g wet tissue) * (1000 µg/1 mg) = 126.7 µg of Ca/g of wet 
tissue 
 
Leaving out the dilution factor results in inflation of the value for tissue calcium 
concentration.  The dilution factor and settings on the spectrophotometer can be 
problematic in this type of research, particularly for calcium, which may have attributed 
to the explanation for the large range in reported values.  If samples are sent out of the 
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researcher’s laboratory for analysis, it is possible that the results may be returned reported 
in mg/dL, and the receiver may be unaware of the dilution of the standards.  This is 
typically not an issue when plasma samples are analyzed as samples and standards are 
diluted in the same manner. 
 Furthermore, it is generally accepted that µ-calpain is the predominant enzyme 
responsible for post-mortem tenderization in meat.  This enzyme requires µM 
concentrations of calcium to be active (Goll et al., 2003; Melloni et al., 1992).  Near mM 
concentrations are required by m-calpain to be active, which is greater than 32 µg of Ca/g 
of tissue.  This leads us to believe that our data and calculations are correct as they 
correspond to calcium concentrations required for µ-calpain activity and because m-
calpain has not been shown to autolyze in beef tissue (Koohmaraie and Geesink, 2006).  
In addition, calcium concentrations in living tissue are in the nM range (50-300 nM), 
which seemingly would make mM concentrations in postmortem tissue unlikely 
(Friedrich, 2004; Vazquez et al., 1998).  
 When conducting the procedures, dry-ashing poses less risk from a laboratory 
safety standpoint.  The wet-ashing procedure involves boiling of the sample in acid, 
posing risks to the technician from boiling acid and the fumes formed during the process.  
Some samples may ‘pop’ violently, further increasing the potential for acid burns, even 
when all personal protective equipment is used properly, and it may possibly decrease the 
calcium in the final sample.  Dry-ashing still poses a laboratory safety risk because 
hydrochloric acid is used for dilution, but other steps in the process are simpler and 
heating of the acid is not required.   
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Implications 
When conducting mineral analyses, it is of critical importance to record all 
dilutions of the sample as well as the dilution of the standards.  Following these steps 
should result in greater consistency of muscle calcium concentrations from one study to 
the next.  In addition, one may have to consider the method used in the study as dry-
ashing results in lower concentrations of tissue calcium than does wet-ashing.  Because of 
less safety risk and similar variability to wet-ashing, we recommend the dry-ashing 
procedure for muscle calcium analysis. 
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CHAPTER VII 
GENERAL CONCLUSIONS 
 
 The results of the research documented in this dissertation provide evidence that 
providing a distillers’ grain co-product to pasture-finished steers can help limit the 
number of days on feed required to achieve a finished weight and also that the 
supplement may help mitigate previously reported negative impacts on tenderness and 
flavor of beef.  This supplementation can be done without decreasing the CLA content to 
concentrations found in beef from grain-finished steers as the CLA content from grass-
finished supplemented steers was near concentrations reported in grass-only finished 
steers.  Also, the atherogenic index of beef from both pasture- and feedlot-finished steers 
was lower than 1.0, indicating that it is acceptable from a human health standpoint.  
However, muscles differ in their fatty acid profiles, which may reflect differences in 
muscle fiber type and metabolism.  In addition, feeding a distillers’ grains supplement to 
pasture-finished cattle increased vitamin E content of the beef, which may have 
implications in shelf-life and color stability.  Furthermore, no difference in shear force 
was noted between beef from pasture- and feedlot-finished steers, which when compared 
with data from previous researchers may indicate that feeding a distillers’ grains 
supplement to pasture-finished cattle could help mitigate the negative effects on 
tenderness that have been reported previously with pasture-finishing.  In addition, beef 
flavor and off-flavor was not different between pasture- and feedlot-finished steers, 
which may indicate that further research investigating the effects of distillers’ grains 
supplementation to pasture-finished cattle on flavor. 
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 Treatment with 500 mg of 25-OH D3 was effective at increasing plasma calcium 
concentrations.  However, this increase did not translate into an increase in muscle 
calcium concentrations or differences in calpain autolysis and therefore WBSF was not 
decreased by 25-OH D3 treatment.  It is interesting to note that sensory panel tenderness 
of the gracilis muscle in the 25-OH D3 supplemented, pasture-finished steers was 
improved, whereas the same pattern was not observed in feedlot-finished steers or other 
muscles.  This result may indicate that 25-OH D3 has impacts on beef tenderness outside 
of increasing calcium concentrations and that different muscles respond differently to 
dietary 25-OH D3. 
FUTURE RESEARCH 
 Future research needs to further focus on the timing of the dose and duration 
effects of 25-OH D3 on muscle calcium concentrations.  Documenting tissue calcium 
concentrations will be of critical importance to this line of research as the general 
hypotheses of many studies have been based on the idea that increasing calcium 
absorption and plasma calcium will result in increased muscle calcium and further 
calpain activation.  Furthermore, the results of these previous studies have been mixed.  
Whereas plasma calcium concentrations may be increased by treatment with 25-OH D3, 
cellular regulatory systems may leave a more limited window of increased muscle 
calcium concentrations or they may not increase at all.  Investigation of muscle calcium 
possibly could likely be accomplished through muscle biopsies at various time points 
after treatment with 25-hydroxyvitamin D3 or other vitamin D metabolites.  It may be 
necessary to start these sampling times within 30 minutes post-administration because 
1,25-dihydroxyvitamin D3 can cause a rapid, non-genomic response in muscle, increasing 
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calcium concentrations within minutes (Vazquez et al., 1998).  It also would be helpful to 
sample concentrations of calcium in the plasma at similar time points to correlate the 
increase in plasma calcium to muscle calcium concentration to find if plasma is an 
accurate indicator of calcium concentrations in muscle.  In addition, the minimal increase 
in calcium required to improve tenderness should be evaluated and the dose of 25-
hydroxyvitamin D3 targeted to meet that threshold concentration.  If the dose and 
duration required prior to harvest to improve tenderness are more conclusively 
determined, the next step would be to investigate feeding strategies that would allow 
feedlots to utilize this management tool.  Incorporating 25-hydroxyvitamin D3 into the 
mineral premix likely would be a successful strategy.  Top-dressing the supplement also 
may be a feasible option.  A special premix would have to be formulated for the last 
several days to weeks prior to harvest because 25-OH D3 supplementation has been 
shown to decrease feed intake.  Simply top-dressing the supplement on one day then may 
be more feasible for practical situations.   
  When grass-feeding is considered, more research is warranted to compare grass-
only finishing systems, a grass-based system including distillers’ grains or other 
supplements, and feedlot-finishing.  In previous studies, negative impacts on tenderness 
may have been confounded with age at harvest; so, comparisons from different finishing 
diets when age is similar could help explain differences or the lack of differences in 
tenderness.  In addition, evaluating these finishing strategies in regard to the fatty acid 
profile of beef and especially the CLA concentrations and content of tissue will be of 
importance because supplementation of cattle on grass-based diets may or may not 
significantly impact the fatty acid profile.  In addition, the results from these studies 
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could provide producers with methods to improve efficiency and still benefit from 
specific marketing claims.  The challenge with this research is defining an acceptable 
harvest date to fairly represent all treatments, whether it is a weight or age constant, a fat 
thickness constant, or constant days on feed.  Across management strategies, targeting a 
fat thickness endpoint seems to work well because it can somewhat negate differences in 
weight that might be attributable to diet differences.   
